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~.‘Part I
OVERVIEW

Acknowledgntents

Many: md1v1duals and orgamzatlons he]p the Radlatlon Center succeed andin recogmtlon ofthis,

‘the staff ofthe Oregon State Umversrty (OSU) Radlatlon Center and TRIGA Reactor (OSTR)
. wouldlike to extend its appreciation to all of those who conmbuted tothe mformatlon andevents

contained in this report: to the Umver51ty adm1mstrat10n to those who provrded our funding,
particularly the U. S. Department of Energy (USDOE) and the State of Oregon;to ourregulators;
to the researchers, the students, and others who used the Radiation Center facilities; to OSU
Fac1ht1es Services; andto OSU Department of Public Safety and the Oregon State Police. We
most earnestly say, “Thank you.” .
Putting this report together each year is a major effort for two people. This year, the burden of
collecting the information, “twisting arms,”” and generally producing the extensive document before

. you wasplaced upon LaVonMauer. Erin Cimbri has once again made collecting the information

much easier by automating many of the tables inthisreport. The amount of person-hours she has
saved all of us over the years is more than we probably would hke to admit. A special “thanks”

‘goes out to both of them.

Executive Summary

The data from this reporting ye'ar show that the use of the Radiation‘ Center and OSTR has
continued to grow in many areas.

The Radiation Center supported 71 d1fferent courses thls year mostly in the Department of

.‘Nuclear Engmeermg About 20% of these courses involved the OSTR. The number of OSTR

hours used for academic courses and trammg was 16, while 1998 hours were used forresearch
projects. Sixty percent of the OSTR research hours were in support of off-campus research
projects, whichreflects the use of the OSTR nationally and internationally. Radiation Center users
published 56 articles this year, with 7 more submitted for publication. There were also 35 theses
completed and 56 presentations made by Radiation Center users. The number of samples
irradiated in the reactor during this reporting perlod was 1845.. Funded OSTR use hours
compnsed 99% of the research use.

Personnel at the Radlatlon Center conducted l 11 tours of the facﬂlty, accommodatmg 2075
visitors. The visitors included e]ementary, middle school, hlgh school, and college students;
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relatives and friends; faculty; current and prospective clients; national laboratory and industrial
scientists and engineers; and state, federal and international officials. The Radiation Centerisa
significant positive attraction oncampus because visitors leave with a good impression of the facility
and of Oregon State University.

The Radiation Center projects database continues to provide a useful way of tracking the many
different aspects of work at the facility. The number of projects supported this year was 180
Reactor projects comprised 74% of all projects. The total research supported by the Radiation
Center, as reported by our researchers, was $5,999,860. The actual total is likely considerably
higher. This year the Radiation Center provided service to 72 different organizations/
institutions, 42% of which were from other states and 18% of which were from outside the U.
S. and Canada. So while the Center’s primary mission is local, it is also a facility with a
national and international clientele.

The Radiation Center web site provides an easy way for potential users to evaluate the
Center’s facilities and capabilities as well as to apply for a project and check use charges. The
address is: http://www.ne.orst.edu/facilities/radiation_center.

Introduction

The current annual report of the Oregon State University Radiation Center and TRIGA Reactor
follows the usual format by including information relating to the entire Radiation Center rather
than just the reactor. However, the information is still presented in such a manner that data on
the reactor may be examined separately, if desired. It should be noted that all annual data given
in this report cover the period from July 1, 2003 through June 30, 2004. Cumulative reactor
operating data in this report relate only to the FLIP-fueled core. This covers the period from
August 1, 1976 through June 30, 2004. For a summary of data on the reactor's original 20%
enriched core, the reader is referred to Table IV.A.2 in Part IV of this report or to the 1976-77
Annual Report if a more comprehensive review is needed.

In addition to providing general information about the activities of the Radiation Center, this
report is designed to meet the reporting requirements of the U. S. Nuclear Regulatory
Commission, the U. S. Department of Energy, and the Oregon Department of Energy.

Because of this, the report is divided into several distinct parts so that the reader may ecasily find
the sections of interest.

Overview of the Radiation Center
The Radiation Center is a unique facility which serves the entire OSU campus, all other
institutions within the Oregon University System, and many other universities and organizations

throughout the nation and the world. The Center also regularly provides special services to
state and federal agencies, particularly agencies dealing with law enforcement, energy, health,
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and environmental quality, and renders assistance to Oregon industry. In addition, the
Radiation Center provides permanent office and laboratory space for the OSU Department of
Nuclear Engineering, the OSU Radiation Safety Office, the OSU Institute of Nuclear Science
and Engineering and Radiation Health Physics, and for the OSU nuclear chemistry, radiation
chemistry, geochemistry and cosmochemistry programs. There is no other university facility
with the combined capabilities of the OSU Radiation Center in the western half of the
United States.

. Located in the Radiation Center are major items of specialized equipment and unique teaching

and research facilities. They include a TRIGA Mark II research nuclear reactor;a °Co gamma
irradiator; a large number of state-of-the art computer-based gamma radiation spectrometers
and associated germanium detectors; and a variety of instruments for radiation measurements
and monitoring. Specialized facilities for radiation work include teaching and research
laboratories with instrumentation and related equipment for performing neutron activation
analysis and radiotracer studies; laboratories for plant experiments involving radioactivity; a
facility for repair and calibration of radiation protection instrumentation; and facilities for
packaging radioactive materials for shipment to national and international destinations.

A major non-nuclear facility housed in the Radiation Center is the one-quarter scale thermal
hydraulic advanced plant experimental (APEX) test facility for the Westinghouse AP600
reactor design. The AP600 is a next-generation nuclear reactor design which incorporates
many passive safety features as well as considerably simplified plant systems and equipment.
APEX operates at pressures up to 400 psia and temperatures up to 450°F using electrical

‘heaters instead of nuclear fuel. All major components of the AP600 are included in APEX and

all systems are appropriately scaled to enable the experimental measurements to be used for
safety evaluations and licensing of the full scale plant. This world-class facility meets exacting
quality assurance criteria to provide assurance of safety as well as validity of the test results.

Also housed in the Radiation Center is the Advanced Thermal Hydraulics Research
Laboratory, which is used for state-of-the-art two-phase flow experiments, and the Nuclear

‘Engineering Scientific Computing Laboratory.

The Radiation Center staff regularly provides direct support and assistance to OSU teaching

- and research programs. Areas of expertise commonly involved in such efforts include nuclear

engineering, nuclear and radiation chemistry, neutron activation analysis, radiation effects on
biological systems, radiation dosimetry, environmental radioactivity, production of short-lived
radioisotopes, radiation shielding, nuclear instrumentation, emergency response, transportation
of radioactive materials, instrument calibration, radiation health physics, radioactive waste
disposal, and other related areas.
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Inaddition to formal academic and research support, the Center's staff provides a wide variety of
other services including public tours and instructional programs, and professional consultation
associated with the feasibility, design, safety, and execution of experiments using radiation and
radioactive materials.

History

Abrief chronology of the key dates and events in the history of the OSU Radiation Center and
the TRIGA reactor is given below:

June 1964 Completion of the first phase of the Radiation Center, consisting of
32,397 square feet of office and laboratory space, under the direction of
founding Director, C. H. Wang.

July 1964 Transfer of the 0.1 W AGN 201 reactor to the Radiation Center. This
reactor was initially housed in the Department of Mechanical Engineering
and first went critical in January, 1959.

October 1966 Completion ofthe second phase of the Radiation Center, consisting of
9,956 square feet of space for the TRIGA reactor and associated
laboratories and offices.

March 1967 Initial criticality of the Oregon State TRIGA Reactor (OSTR). The
reactor was licensed to operate at a maximum steady state power level
of 250 kW and was fueled with 20% enriched fuel.

October 1967 Formal dedication of the Radiation Center.

August 1969 OSTR licensed to operate at a maximum steady state powerof | MW,
but could do so only for short periods of time due to lack of cooling
capacity.

June 1971 OSTR cooling capacity upgraded to allow continuous operation at 1
MWw.

April 1972 OSTR Site Certificate issued by the Oregon Energy Facility Siting
Council.

September 1972 OSTR area fence installed.
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December 1974

March 1976 .

July 1976

July 1977

January 1980

July 1980

June 1982

December 1984

August 1986

December 1988

December 1989
June 1990
March 1992
November 1992
June 1994
August 1994

August 1995

September 1998

AGN-201 reactor permanently shut down.

Completion of 1600 square feet of additional space to accommodate the
rapidly expanding nuclear engineering program.

OSTR refueled with 70% enriched FLIP fuel.

Completionof a second 1600 square feet of space to bring the Radiation
Center complex to a total of 45,553 square feet.

Major upgrade of the electronics in the OSTR control console.

AGN-201 reactor decommissioned and space released for unrestricted
use.

Shipment of the original 20% enriched OSTR fuel to Westinghouse
Hanford Company.

C. H. Wang retired as director. C. V. Smith became new director.

Director C. V. Smith left to become Chancellor of the University of
Wisconsin-Milwaukee. A. G. Johnson became new Director.

AGN-201 components transferred to Idaho State University for use in
their AGN-201 reactor program.

OSTR licensed power increased to 1.1 MW.

Installation of a 7000 Ci ®*Co Gammacell irradiator.

25th anniversary of the OSTR initial criticality.

Start of APEX plant construction.

Retirement of Director A. G. Johnson. B. Dodd became new Director.
APEX inauguration ceremony.

Major external refurbishment: new roof, complete repaint, rebuilt parking
lot, addition of landscaping and lighting.

B. Dodd left onaleave of absence to the International Atomic Energy
Agency. S. E. Binney became new Director.
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January 1999

April 1999

July 2002

Qctober 2002

Installation of the Argon Production Facility in the OSTR.

Completion of ATHRL facility brings the Radiation Center complex to
a total of 47,198 square feet.

S. E. Binney retired. J. F. Higginbotham became interim director.

A. C. Klein became new director.
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Part 11
| PEOPLE

This part contains a listing of all people who were residents of the Radiation Center _qr_\vhb worked a
significant amount of time at the Center during thisreporting period. Sections A, B, and C list the academic
staff, trainees, and students, while sections D through G list the Radiation Center's operating staff. Section
H provides the composition of the Reactor Operations Committee.

It should be noted that not all of the faculty and students who used the Radiation Center for their teaching
and research are listed in this part. Summary information on the number of people involved is given in
Table VI.C.1, while individual names and projects are listed in Tables VI.C.2 and VI.C.3.

A. Professional and Research Faculty

*Binney, Stephen E.
Director Emeritus, Radiation Center
Professor Emeritus
Nuclear Engineering and Radiation Health Physics

*Conrady, Michael R.
Faculty Research Assistant
Analytical Support Manager
Radiation Center

Craig, A. Morrie
Professor
College of Veterinary Medicine

Daniels, Malcolm
Professor Emeritus
- Chemistry

Duringer, Jennifer
Research Associate
College of Veterinary Medicine

Fleischmann, Tom
Research Associate
College of Veterinary Medicine

* OSTR users for research and/or teaching.

People I1 - 1



Groome, John T.

Faculty Research Assistant

ATHRL Facility Operations Manager

Nuclear Engineering and Radiation Health Physics

*Hamby, David
Professor
Nuclear Engineering and Radiation Health Physics

— — j—— j— —

Hart, Lucas P.
Faculty Research Associate
Chemistry

*Higginbotham, Jack F.
Oregon Space Grant Director
Professor
Nuclear Engineering and Radiation Health Physics

*Higley, Kathryn A.
Associate Professor
Nuclear Engineering and Radiation Health Physics

Hopson, John
ATHRL DAS Coordinator/Test Engineer
Nuclear Engincering and Radiation Health Physics

Johnson, Arthur G.

Director Emeritus, Radiation Center

Professor Emeritus

Nuclear Engineering and Radiation Health Physics

Klein, Andrew C.

Director, Radiation Center

Department Head, Department of Nuclear Engineering and Radiation Health Physics
Professor

Nuclear Engineering and Radiation Health Physics

*Krane, Kenneth S.
Professor
Physics

* OSTR users for research and/or teaching.
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Lafi, Abd Y.

Assistant Professor Senior Research

(Courtesy Appointment)

ATHRL Research Analyst

Nuclear Engineering and Radiation Health Physics

*Loveland, Walter D.
Professor
Chemistry

*Menn, Scott A.
Senior Health Physicist
Radiation Center

*Palmer, Todd S.
Associate Professor -
Nuclear Engineering and Radiation Health Physics

*Paulenova, Alena
Assistant Professor Senior Research
Radiation Center

Popovich, Milosh
Vice President Emeritus
Oregon State University

*Reese, Steven R.
Reactor Administrator
Radiation Center

Reyes, Jr., José N. :

ATHRL Principal Investigator

Professor

Nuclear Engineering and Radiation Health Physics

Ringle, John C.
Professor Emeritus
Nuclear Engineering and Radiation Health Physics

Robinson, Alan H.
Department Head Emeritus
Nuclear Engineering and Radiation Health Physics

* OSTR users for research and/or teaching.
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*Schmitt, Roman A.
Professor Emeritus
Chemistry

*Schiitfort, Erwin G.
Faculty Research Assistant
Radiation Center

*Wachs, Gary
Reactor Supervisor
Radiation Center

Wang, Chih H.

Director Emeritus, Radiation Center

Professor Emeritus

Nuclear Engineering and Radiation Health Physics

Walker, Karen
Rescarch Assistant
College of Veterinary Medicine

Woods, Brian
Assistant Professor
Nuclear Engineering and Radiation Health Physics

Wu, Qiao
Associate Professor
Nuclear Engincer and Radiation Health Physics

Young, Roy A.
Professor Emeritus
Botany and Plant Pathology

* OSTR users for research and/or teaching.

People Il - 4




|

[~

[

B. Visiting Scientists and Special Trainees

Name

Hager, Werner
Casperson

Petersen, Gustav

Anderson, Scott
Brookhyser, James
Evanson, Zach

Mirpourian, Zahra -

Phan, Thanh

Nelson,' Sarah
Zielinski, Peter

Peterson, Don

Field (Affiliation)

Undergraduate Research Trainees

- Undergraduate Research Trainees

Visiting Scienﬁsis, Lawrence Berkeley
Laboratory .. - .

Postdoctoral ‘Assistant, Chemistry

C.  OSU Graduate Students

Name

Abel, Kent
Ashbaker, Eric -
Bak, Alissa

Davidson, Gregory

Davis, Ian
Frey, Wesley
Gambone, Cindy

Huang, Zhongliang

Jones, Quyen
Keller, S. Todd
Kim, Dong W.
Kriss, Aaron

Livingston, James V.

- Mallory, Stacy

Degree - g
Program Field
PhD  Nuclear Engineering
'~ MS ' ‘Radiation Health Physics
* 'MS - Radiation Health Physics
- MS' - Nuclear Engineering
. PhD "-* Nuclear Engineering

MS  Radiation Health Physics -

MS Nuclear Engineering

PhD  Nuclear Chemistry
MS Radiation Health Physics
MS Nuclear Engineering -

- PHD - - Nuclear Engineering -

PhD  Radiation Health Physics "

PhD - Nuclear Engineering
MS Radiation Health Physics

* OSTR users for research and/or teaching.

People Il -5

Advisor or Research
Program Dzrector

K. S. Krane -

“V131tmg Undergraduate Research Tramee W. D. Loveland
» Chalmers Umver51ty of Technology '

W.D. Lovelzmd

W. D. Loveland

'W. D. Loveland

Advisor

- J. N. Reyes

S. R. Reese
K. A. Higley

" 'T. S. Palmer’

T. S. Palmer"
-J. F. Higginbotham
T. S. Palmer &

S. R. Reese
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Misner, Alex MS Nuclear Engineering K. A. Higley and
D. M. Hamby
Naik, Radhika PhD Nuclear Chemistry W. D. Loveland
Napier, Bruce PhD  Radiation Health Physics  D. M. Hamby
Nes, Razvan PhD Nuclear Engineering T. S. Palmer
Rajan, Ajith MS Radiation Health Physics D. M. Hamby
Rezvyi, Aleksey PhD Nuclear Engineering J. N. Reyes
Sabharwall, Piyush MS Nuclear Engineering Q. Wu
Slauson, Marjorie MS Radiation Health Physics K. A. Higley
Smith, Angela MS Radiation Health Physics K A. Higley
Sprunger, Peter PhD  Physics V. D. Loveland
Sriprisan, Sirikul MS Nuclear Engineering T S. Palmer
Staples, Christopher MS Physics K. Krane
Stewart, H. Michael Jr. MS Radiation Health Physics D. M. Hamby
Tavakoli, Farsoni PhD  Radiation Health Physics D. M. Hamby
Yao, You PhD  Nuclear Engineering Q. Wu
Yoo, Yecon-Jong PhD  Nuclear Engineering J. N. Reyes
Young, Eric MS Nuclear Engincering J. N. Reyes
Business, Administrative and Clerical Staff
Director, RadiationCenter .......... ..., A. C. Klein
Business Manager, Radiation Center and
Nuclear Engineering and Radiation Health Physics ............ S. C. Campbell
Administrative Assistant, Radiation Center and
Nuclear Engineering and Radiation Health Physics .............. R. A. Keen
Custodian . . ..ot e e e e e E. Cimbri

Office Specialist, Radiation Center and
Nuclear Engineering and Radiation Health Physics through 9/5/03 S.M. Brumbach
Office Specialist, ATHRL~Nuclear Engineering and Radiation Health Physics T.L. Culver

Office Specialist, Nuclear Engineering and Radiation Health Physics ...... J. M. Stueve
Office Specialist, Media and Communications Assistant  ................ J.M. Dolan
Office Specialist, Radiation Center .............oiiiiiiiiiinnenn.. L. Mauer

Reactor Operations Staff

Principal Security Officer ........ .o i A. C. Klein
Reactor Administrator ... ... ittt it ittt ettt S. R. Reese
Reactor Supervisor, Senior Reactor Operator. . ............. ..o, G. M. Wachs
Senior Reactor Operator . .........oiiiiitin i inneennrans S. P. Smith
S. T. Keller
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Radiation Protection Staff
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Health Physicist .. ...ttt i i, J. E. Darrough
Health Physics Monitors (Students) ............ .o i, A. Gee
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J. Juarez
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Scientific Support Staff

Analytical Support Manager . . ......coiii ittt M. R. Conrady
Neutron Activation Analysis Technicians (Students) ...................... K. Gray
Nuclear Instrumentation Support .........ciiiiiiiiiiiniinen M. M. Conrady
Projects Manager .......cviiiiin it i i E. G. Schiitfort
Radiochemistry Research Coordinator .............coviiviiiiinnn A. Paulenova
Scientific Instrument Technician .. ........ociiiiiii i, S. P. Smith
Committees
1. Reactor Operations Committee
Name Affiliation
J.C. Ringle, Chair ......... Nuclear Engineering and Radiation Health Physics
S.E.Binney .............. Nuclear Engineering and Radiation Health Physics
R.Busch ..... .., Mechanical Engineering
RHFarmer ........cooiiiiiiiiiiiiiiiiiinns. Radiation Safety Office
D.M.Hamby ............. Nuclear Engineering and Radiation Health Physics
N O 4 - 1 Radiation Center and
Nuclear Engineering and Radiation Health Physics
N N 1 [ 4 o e Radiation Center
T.S.Palmer .............. Nuclear Engineering and Radiation Health Physics
W.J.Richards .................. McClellan Nuclear Radiation Center/NIST
S RIREESE . vttt i e Radiation Center
A.VonJouanne .............cco0unnt. Electrical and Computer Engineering
G.M.Wachs ... .ttt ittt it i Radiation Center
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A, Resea.rch Reactor

1.

* PartIII.
FACILITIES

Description

© The Oregon State University TRIGA Reactor (OSTR) isa water-coo1ed, swimming pooltype of

researchreactor which uses uranium/zirconium hydride fuel elements in a circular grid array. The
reactor core is surrounded by aring of graphite which serves to reflect neutrons back into the core.
The core s situated near the bottom of a 22-foot deep water-filled tank, and the tank is surrounded
by a concrete bioshield which acts as a radiation shield and structural support.

The reactor is licensed by the U.S. Nuclear Regulatory Commission to operate at a maximum
steady state power of 1.1 MW and can also be pulsed up to a peak power of about 2500 MW.

The OSTR has a number of different 1rrad1at10n facilities mcludmg a pneumatlc transfer tube, a

rotatmgrack athermal column, fourbeamports five sample holding (dummy) fuel elements for
specialin-core irradiations, anin-core n'radlatlon tube, and a cadmium-lined in-core irradiationtube

forexperiments requiring ahigh energy neutron flux. The OSTR also has an ArgonIrradiation

Facility for the production of “'Ar.

The pneumatlc transfer facility enables samples to be inserted and removed fromthe corein
fourto five seconds. Consequently this facility is normally used for neutron activation analysis
involving short-lived radionuclides. On the other hand, the rotating rackis used formuch longer
irradiation of samples (e.g., hours). Therack consists of a circular array of 40 tubular positions,
each of which can hold two sample tubes Rotatron of the rack ensures that each sample will
receive an identical n‘radlatlon

'The reactor's thermal columrreon,‘si:st‘sof' zr 1z{rge stack of grap}iitelbloe‘ks which slows down

neutrons fromthe reactor core in order to increase thermal neutron activation of samples. Over
99% of the neutrons in the thermal column are thermal neutrons. Graphite blocks are removed
from the thermal column to enable samples to be posmoned inside for nTadlatxon

The beam ports are tubular penetratrons in the reactor’ smain concrete shield whrch enableneutron
and gamma radiation to stream from the core when abeam port s shield plugs areremoved. One
of the beam ports contains the Argon Production Facility for production of curie levels of *! Ar.
The other beam ports are available for a variety of experiments.



If samples whichare to be irradiated require a large neutron fluence, especially fromhigher energy
ncutrons, they may be inserted into a dummy fuel element. This device willthenbe placed into
one of the core's inner grid positions which would normally be occupied by a fuel element.
Similarly samples can be placed in thein-core irradiation tube (ICIT) which can be inserted in
the same core location.

The cadmiume-lined in-core irradiation tube (CLICIT) cnables samples to be irradiated ina high
flux region near the center of the core. The cadmiumlining inthe facility eliminates thermal neutrons
and thus permits sample exposure to higher cnergy neutrons only. The cadmium-lined end of this
air-filled aluminum irradiation tube is inserted into an inner grid position of the reactor core which
would normally be occupied by a fuelelement. It is the same as the ICIT except for the presence
of the cadmium lining.

Utilization
The two main uses of the OSTR are instruction and research.
a. Instruction

Instructionaluse of the reactor is twofold. First, it isused significantly for classesin Nuclear
Engineering, Radiation Health Physics, and Chemistry at both the graduate and undergraduate
levels to demonstrate numerous principles which have been presented in the classroom. Basic
ncutron behavior is the same in small reactors as it is in large power reactors, and many
demonstrations and instructional experiments can be performed using the OSTR which cannot
be carried out witha commercial power reactor. Shorter-termdemonstration experiments are
also performed for many undergraduate students in Physics, Chemistry, and Biology classes,
as wellas for visitors fromother universities and colleges, from high schools, and from public
groups.

The second instructional application of the OSTR involves education of reactor operators,
operations managers, and health physicists. The OSTR is in a unique position to provide such
cducation since curricula must include hands-on experience at an operating reactor and in
associated laboratories. The many types of educational programs that the Radiation Center
provides are more fully described in Part VI of this report.

During thisreporting period the OSTR accommodated a number of different OSU academic
classes and other academic programs. Inaddition, portions of classes from other Oregon
universities were also supported by the OSTR. Table II1.D.1, provides detailed information
on the use of the OSTR for instruction and training.
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b. Research

The OSTR is aunique and valuable tool for a wide variety of research applications and serves
as an excellent source of neutrons and/or gamma radiation. The most commonly used

- experimental technique requiring reactor use is instrumental neutron activation analysis (INAA).
This is a particularly sensitive method of elemental analysis which is described in more detail
in Part VI.

The OSTR'sirradiation facilities provide a wide range of neutron flux levels and neutron flux

- . qualities which are sufficient to meet the needs of most researchers. This is true not only for
INAA, butalso for other experimental purposes suchas the ¥ Ar/Ar ratio and fission track
methods of age dating samples

B. Analytical Equipment

C.

1.

Description .

The Radiation Center has alarge variety of radiation detection instrumentation. This equipment is
upgraded as necessary, especially the gamma ray spectrometers with their associated computers
and germanium detectors. Additionalequipment for classroomuse and an extensive inventory of
portable radiation detection instrumentation are also available.

Utilization
Radiation Center nuclear instrumentation receives intensive use in both teaching and research
applications. In addition, service projects also use these systems and the combined use often

-results in 24-hour per day schedules for many of the analytical instruments. Use of Radiation

Center equipment extends beyond that located at the Center and instrumentation may be made
available on a loan basis to OSU researchers in other departments.

Radioisotope Irradiation Sources

1.

Description

The Radiation Center is equipped with a 1,644 curie (as of 7/27/01) Gammacell 220 ©°Co

irradiator whichis capable of delivering hlgh doses of gammaradiation overarange of doserates
to a variety of materials. Ca
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Typically, the irradiator is used by researchers wishing to perform mutation and other biological
cffects studies; studies in the area of radiation chemistry; dosimeter testing; sterilization of food
materials, soils, sediments, biological specimen, and other media; gamma radiation damage studies;
and other such applications. Inadditionto the *Co irradiator, the Center is also equipped witha
variety of smaller ©°Co, *’Cs, *Ra, plutonium-beryllium, and other isotopic sealed sources of
various radioactivity levels which are available for use as irradiation sources.

Utilization

During this reporting period there was a diverse group of projects usihg the ¥Co irradiator. These
projects included the irradiation of a variety of biological materials including different types of
seeds. Inaddition, the irradiator was used for sterilization of several media and the evaluation of
the radiation effects on different materials. TableII1.C.1 provides use data for the Gammacell 220
irradiator.

D. Laboratories and Classrooms

1.

Description

The Radiation Center is equipped with a number of different radioactive material laboratories
designed to accommodate research projects and classes offered by various OSU academic
departments or off-campus groups.

Instructional facilitics available at the Center include a laboratory especially equipped for teaching
radiochemistry and a nuclear instrumentation teaching laboratory cquipped with modular sets of
counting equipment which can be configured to accommodate a variety of experiments involving
the measurement of many types of radiation. The Center also has four student computer rooms
equipped with a large number of personal computers and UNIX workstations.

In addition to these dedicated instructional facilities, many other rescarch laboratories and pieces
of specialized equipment are regularly used for teaching. Inparticular, classes are routinely given
access to gamma spectrometry equipment located in Center laboratories. A number ofclasses also
regularly use the OSTR and the Reactor Bay as an integral part of their instructional coursework.

There are two classrooms in the Radiation Center which are capable of holding about 35 and 18
students, respectively. Inaddition, there are two smaller conference rooms and alibrary that are
suitable for graduate classes and thesis examinations. As a service to the student body, the
Radiation Center also provides an office area for the student chapters of the American Nuclear
Society and the Health Physics Society.

This reporting period saw continued high utilization of the Radiation Center's thermal hydraulics
laboratory. This laboratory is being used by Nuclear Engincering faculty member to accommodate

Facilities 111 -4



[

—

a one-quarter scale model of the Palisades Nuclear Power reactor. The multi-million dollar
advanced plant experimental (APEX) facility was fully utilized by the U. S. Nuclear Regulatory
Commissionto provide licensing data and to test safety systems in “‘beyond design basis™ accidents.
The fully scaled, integral model APEX facility uses electrical heating elements to simulate the fuel

- elements, operates at 450°F and 400 psia, and responds at twice real time. It is the only facility

of its type in the world and is owned by the U. S. Department of Energy and operated by OSU.
Inaddition, anew building, the Air-water Test Loop for Advanced Thermal-hydraulics Studies
(ATLATS), wasconstructed next to the Reactor Building in 1998. Two-phase flow experiments
are conductedinthe ATLATS. Together APEX and ATLATS compnse the Advanced Thermal

- Hydraulics Research Laboratory (ATHRL)

. Utlhzatlon

All of the laboratories and classrooms are used extensively during the academic year. For
example, a listing of courses accommodated at the Radiation Center durmg this reportmg period
along with their enrollments is given in Table III.D.1.

E. Instrument Repair and Calibration Facility - -

1. Description

The Radiation Center has a facility for the repair and calibration of essentially all types of radiation
monitoring instrumentation. This includes instruments for the detection and measurement of alpha,
beta, gamma, and neutronradiation. It encompasses both high range instruments for measuring
intense radiation fields and low range instruments used to measure environmental Ievels of
radioactivity. Fe A ‘ '

. Utilization

The Center's instrument repair and calibration facility is used regularly throughout the year and is

" absolutely essential to the continued operation of the many different programs carried out at the

Center.’ In addition, the absence of any comparable facility in the state has led to a greatly
expanded instrument calibration program for the Center; including calibration of essentially all
radiation detection instruments used by state and federal agencies in the state of Oregon.
This includes instruments used on the OSU campus and all other institutions in the Oregon
University System, plus instruments from the Oregon Health Division's Radiation Protection
Services, the Oregon Department of Energy, the Oregon Public Utilities Commission, the Oregon
Health Sciences University, the Army Corps of Engineers, and the U. S. Environmental Protection
Agency.
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F. Library

1.

Description

The Radiation Center has a library containing significant collections of texts, researchreports, and
videotapes relating to nuclear science, nuclear engineering, and radiation protection.

The Radiation Center is also a regular recipient of a great variety of publications from commercial
publishers in the nuclear field, from many of the professional nuclear societies, fromthe U. S.
Department of Energy, the U. S. Nuclear Regulatory Commission, and other federal agencies.
Therefore, the Center library maintains a current collection of leading nuclear research and
regulatory documentation. Inaddition, the Center has a collection of a number of nuclear power
reactor Safety Analysis Reports and Environmental Reports specifically prepared by utilities for
their facilities.

The Center maintains an up-to-date set of reports from such organizations as the International
Commission on Radiological Protection, the National Council on Radiation Protection and
Measurements, and the International Commission on Radiological Units. Setsofthe current U.S.
Code of Federal Regulations for the U.S. Nuclear Regulatory Commission, the U.S. Department
of Transportation, and other appropriate federal agencies, plus regulations of various state
regulatory agencies are also available at the Center.

The Radiation Center videotape library has over one hundred tapes on nuclear engineering,
radiation protection, and radiological emergency response topics. Inaddition, the Radiation Center
uses videotapes for most of the technical orientations which are required for personnel working
with radiation and radioactive materials. These tapes are produced, recorded, and cdited by
Radiation Center staff, using the Center's videotape equipment and the facilities of the OSU
Communication Media Center.

Utilization

The Radiation Center library is used mainly to provide reference material on an as-needed basis.’

It receives extensive use during the academic year. Inaddition, the orientation videotapes are used
intensively during the beginning of each term and periodically thereafter.
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'Table II.C.1 -

Gammacell 220 “Co Irradiator Use,

(1276 Ci: 7/1/03)

. Purpose of ‘

Dose Range

Number of

Facilities 11l -7

" Use Time
Irradiation Samples 1 ™ (rads) ° Irradiations | (hours)
| ongen oo, | - 20%10°
Sterilization PONEES, 0L, 1 5 33 990
biological sample, 6
. . 4.0x 10
bioflex strips,
) anticanccr' 20x10°
Biological Studies vaccine to 39 0
3 ' ' ) 1.0x 10° ]
ollen 50x10*
Botanical Studies géan S ds to - - 21 5
‘ 8.0x10*
. . N -
Material electronic “6.0x 10°
Evaluation components, to 1 97
: -minerals 6.0 x 10°
: | 2.0 x 10° .
Other biological sample to 2 0
2.0 x 10*. L
. TOTALS 96 - | 1,092



Table II1.D.1

Student Enrollment in Nuclear Engineering, Radiation Health Physics and Nuclear Science Courses

Which Are Taught or Partially Taught at the Radiation Center

Number of Students
Course Credit Course Title Summer Fall Winter | Spring
2003 2004 2004 2003
Nuclear Engineering and Radiation Health Physics Department Courses
NE/RHP114* 2 Introduction to Nuclear Engineering and - 25 - -
Radiation Health Physics
NE/RHP115 2 Introduction to Nuclear Engineering and - - 27 -
Radiation Health Physics
NE/RHP116* 2 Introduction to Nuclear Engineering and - - - 24
Radiation Health Physics
NE/RHP234 4 Nuclear and Radiation Physics I - 32 - -
NE/RHP235 4 Nuclear and Radiation Physics 11 - - 32 -
NE/RHP236* 4 Nuclear Radiation Detection and - - - 32
Instrumentation
NE319 3 Societal Aspects of Nuclear Technology - - 66 -
NE/RHP401 1-16 Research - 1 - -
NE40SH 1-16 R&C(Used Nuclear Fuel: Garbage or - - - -
Gold
NE405 1-16 Reading and Conference - - - -
RHP405 1-16 Reading and Conference - 11 - -
NE/RHP06 1-16 Projects 10 1 1 10
NE/RHP107 1 Nuclear Engineering Seminar — 26 17 18
NE/RHP410 1-12 Internship 2 1 3 2
NE/RHP415 2 Nuclear Rules and Regulations - - - -
NE416** 4 Radiochemistry - 2 - -
NE450 3 ST/ Nuclear Medicine - - - -
NE451*#* 4 Neutronic Analysis and Lab [ - 27 - -
NE452** 4 Neutronic Analysis and Lab Il - - 28 -
NE453** 4 Neutronic Analysis and Lab III - - - -
ST = Special Topics
* = OSTR used occasionally for demonstration and/or experiments.

** = OSTR used heavily.

Facilities 111 -8




 —

Table IT1.D.1 (continued)

Student Enrollment in Nuclear Engineering, Radiation Health Physics and Nuclear Science Courses

Which Are Taught or Partially Taught at the Radiation Center

*
l

** = OSTR used heavily.

OSTR used occasionally for demonstration and/or experiments.

Facilities III -9

NE457** 3 Nuclear Reactor Léboratory - - -
NE46'} 4 Nuclear Reactor Thermal Hydraulics " 13 - —
| NE474 4 Nuclear Systems Design [ - 15 -
NE475 . 4 Nuclear Systems Design I - - 15
NE/RHP479 14 Inciividual Design i’roject 1 - -
NE/RHP481 4 Radiation Protection 22 - -
NE/RHP482* 4 Applied Radiation Safety - 35 -
RHP483 4 Radiation Biology- - - -
RHP487 - 3 Radiation Biology =~~~ - - - - -
RHP488 3 Radioecology - - -
NE/RHP4;90 4 Radiation Dosifneiry A T - - 26
‘RﬂP493 S 3 Non-reéctor Radia!ion }h";c;tectio'nA - - -
NE)RHP4§9 - 1-16 A St/Environmental Aspe;:is-Nuclear - - -
- - - -Systems - -
NE/RHP501 - | 1-16 Research 1 - -
NERHPS03 - |1 - | Thesis - - - - -
NE/RHP505 - | 116 Reading and Conference - - - - - 2
NE/RHPS06 116 | Projects - - -
NE/RHPS07/607- | 1 - . | Nuclear Engineering Seminar - 17 .16 15
NERHP510 - - -{ 112 .| Intemship - - s - 1 1
NE/RHP515 2 Nuclear Rules anleegulations -~ - - -
NES26 . - |3 Computational Methods for Nucl - 2 -
Reactors o
NE/RHPS35 3 Nuclear Radiation Shielding - - -~ - - - 17
NE/RHP539 3. ST/Nuclear Physics for Engineers and - 8 -
: Scientists : -
ST = Special Topics




Table IIL.D.1 (continued)

Student Enrollment in Nuclear Engineering, Radiation Health Physics and Nuclear Science Courses
Which Are Taught or Partially Taught at the Radiation Center

NE/RHP543 3 Hi-Level Radioactive Waste Management -
NE/RHP549 3 Low Level Waste -
NESS0 3 Nuclear Medicine -
NES51** 4 Neutronic Analysis and Lab [ 7
NES52** 4 Neutronic Analysis and Lab II -
NES53** 4 Neutronic Analysis and Lab HI -
NES57** 3 Nuclear Reactor Laboratory -
NES59 1 ST/Nuclear Reactor Analysis: Criticality 6
Safety
NES67 4 Advanced Nuclear Reactor Thermal 6
Hydraulics
NE568 3 Nuclear Reactor Safety -
NE569 1-3 ST/Thermal Hydraulic Instumentation -
NES74 4 Nuclear Systems Design [ -
NES75 4 Nuclear Systems Design II -
NE/RHP581 4 Radiation Protection 11
NE /RHP582* 4 Applied Radiation Safety -
RIIP583 4 Radiation Biology 6
NES85 3 Environmental Aspects Nuclear Systems -
RHP585 3 Environmental Aspects Nuclear Systems -
NE/RHP586 3 Advanced Radiation Dosimetry -
RHP588 3 Radioecology -
RHP589 1-3 ST/Radiation Protection and Risk -
Assessment
RHP593 3 Non-Reactor Radiation Protection -
NE599 1 ST/Principles of Nuclear Medicine -
ST = Special Topics
* = OSTR used occasionally for demonstration and/or experiments.
** = OSTR used heavily.
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Which Are Taught or Partially Taught at the Radiation Center

Table II1.D.1 (continued)

Student Enrollment in Nuclear Engineering, Radiation Health Physics and Nuclear Science Courses

NE/RHP601 1-16 Research - 1 1 1
NE/RHP603 1-16 Thesis 2 — —_ -
NE/RHP605 1-16 Reading and Conference 2 2 2 2
RHP610 1-12 Internship - - - -
NE654 3 Neutron Transport Theory - - 5 -
NEG667 3 Advanced Thermal Hydraulics - - - -
Courses from Other Departments

CH123* General Chemistry - - 229
CH222* 5 General Chemistry (Science Majors) -- -- 268 -
CH225H 5 Honors General Chemistry -- -- 43 --
CH462* 3 Experimental Chemistry II Laboratory - - 11 --
ENGR331 4 Momentum, Energy and Mass -- - 96 -
GEO300 3 Environmental Conservation - 132 - -
PH202 5 General Physics - —_ 217 -

S stitutions
GS105* I LBCC l General Science —_— - 35 -

NOTE:

This table does not include the thesis courses from other OSU departments (see Table VI.C.2).

ST

%k

Special Topics
OSTR used occasionally for demonstration and/or experiments.
OSTR used heavily.
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Part IV
REACTOR

Operating Status

Reactor power generation for the bperatin'g period between July 1, 2003 and June 30, 2004
totaled 966 kWH of thermal power. This is equalto 40.2 megawatt days of generation, and results

~ inacumulative thermalenergy output by the OSTR FLIP core 0f1068 MWD from August 1976

through June 30, 2004.

The Oregon State TRIGA Reactor (OSTR) operated with some ihtérruptions during the 2003/4

_reporting period. Reactor operations were suspended for a total of 5 days due to equipment

failures and an abnormal core conﬁguratron created bythe removal ofa fuel element in preparation
for controlrod calibrations. An addxtronal 43 operatmg days were lost due to the construction of
the neutron radiography facility adjacent fo Beam Port #3

The productivity of the reactor irradiation facilities is based on reactor operation inrelation to use
categories. Greater productivityis achreved by utihzmg greater numbers of irradiation facilities at
the same time. TablesIV.A.3 through 5 prov1de this years detail onreactor use and other tracked
data.

Anormal nine-hour, five-day per week schedule sets the total available reactor operating hours.
Critical reactor operation averaged 45,3% of each day. Of the 2160 total available annual
operating hours, 977 hours were at power, 458 hours were spent conductmg facility startup and
shutdown operations, 614 hours were expended for mamtenance and sample decay delays and
111 hours the reactor was not operating for reasons other than Jisted above.

i

TableIV.A. 1 provrdes mfommtronrelated to the OSTR annual energy productron fuelusage and
use requests. Table IV.A.2 summarizes statrstrcs for the orrgmal 20% enriched fuel loading.

Experiments Performed

1. Approved Experimen't:s‘

1

During the current reporung perrod there were n1ne approved reactor experiments
available for use in reactor—related programs. These are listed below.

A-1  Normal TRIGA opefatic;xi (No Sample Irradiation).
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B-3
B-11

B-12
B-23
B-29
B-31
B-32
B-33

Irradiation of Materials in the Standard OSTR Irradiation Facilities.
Irradiation of Materials Involving Specific Quantities of Uranium and Thoriumin
the Standard OSTR Irradiation Facilities.

Exploratory Experiments.

Studies Using TRIGA Thermal Column.

Reactivity Worth of Fuel.

TRIGA Flux Mapping.

Argon Production Facility.

Irradiation of Combustible Liquids in Rotating Rack.

Ofthese available experiments, three were used during the reporting period. Table IV.B.1
providesinformationrelated to the frequency of use and the general purpose of their use.

Inactive Experiments

Presently 32 experiments are in the inactive file. This consists of experiments which have
been performed in the past and may be reactivated. Many of these experiments are now
performed under the more general experiments listed in the previous section. The following
list identifies these 32 inactive experiments.

A-2
A-3
A-4
A-5
A-6
A-7

B-1
B-2
B-4
B-5
B-6
B-7
B-8
B-9
B-10
B-13
B-14
B-15
B-16
B-17
B-18
B-19
B-20

Measurement of Reactor Power Level via Mn Activation.
Measurement of Cd Ratios for Mn, In, and Au in Rotating Ruck.
Necutron Flux Measurcments in TRIGA.

Copper Wire Irradiation.

In-core Irradiation of LiF Crystals.

Investigation of TRIGA's Reactor Bath Water Temperature Coefficient and High
Power Level Power Fluctuation.

Activation Analysis of Stone Meteorites, Other Meteorites, and Terrestrial Rocks.
Measurcments of Cd Ratios of Mn, In, and Au in Thermal Column.
Flux Mapping.

In-core Irradiation of Foils for Neutron Spectral Measurements.
Measurements of Neutron Spectra in External Irradiation Facilities.
Measurements of Gamma Doses in External Irradiation Facilities.
Isotope Production.

Neutron Radiography.

Neutron Diffraction.

This experiment number was changed to A-7.

Detection of Chemically Bound Neutrons.

This experiment number was changed to C-1.

Production and Preparation of '®F.

Fission Fragment Gamma Ray Angular Correlations.

A Study of Delayed Status (n, y) Produced Nuclei.

Instrument Timing via Light Triggering.

Sinusoidal Pile Oscillator.
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B-21 Beam Port #3 Neutron Radiography Facility.
B-22 Water Flow Measurements Through TRIGA Core.
. B-24 General Neutron Radiography.-. .
B-25 Neutron Flux Monitors.
B-26 Fast Neutron Spectrum Generator.
B-27 Neutron Flux Determination Adjacent to the OSTR Core.
B-28 Gamma Scan of Sodium (TED) Capsule.
B-30 NAA of Jet, Diesel, and Furnace Fuels.
C-1  PuO, Transient Experiment.

Unplanned Shutdowns

There were seven unplanned reactor shutdowns during the current reporting period. A scram
occurs when the controlrods drop in as aresult of an automatic trip or as aresult of the operator
pushing the manual trip button. Due to unusual conditions or operational anomalies of a less critical
nature, the reactor may also be secured by manual rod insertion. Table IV.C.1 contains a summary

. of the unplanned scrams, including a brief description of the cause of each.

Changes to the OSTR Facility, to Reactor Pfocedures, and to Reactor Experiments
Performed Pursuant to 10 CFR 50.59

The information contained in this section of the repoft provides a summary of the changes
performed during the reporting period under the provisions of 10 CFR 50.59. Foreachitemlisted,
thereis abrief description of the action taken and a summary of the applicable safety evaluation.

1. 10 CFR 50.59 Changes to the Reactor Facility -
There were six changes to the reactor facility during this reporting period. Foradditional
information regarding these changes, or copies of the changes, contact the OSTR
Operations staff. s o :
)] 03-03, Removal of Existing Beam Port #3 Radiography Blockhouse
(a) - Description.
The interim concrete block shield structure, constructed to test the beam quality
and thermal neutron flux within Beam Port #3 was removed following the

completion of testing and evaluation. All components of the original BP were
returned to their original configuration. .
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(3)

(b)

04-04,

(@)

(b)

Safety Evaluation

Restorationofthe beamport and its internal components returned the facility to its
original approved configuration.

Beam Port #3 Collimator
Description

In preparation for construction of the permanent Beam Port #3 shicld blockhouse,
aneutron beam collimator was installed in BP3 in place of the original concrete
and wood shield plugs. Additionallead and concrete blocks were placed in front
ofthe collimator to ensure dose rates were minimized. Reactor operations were
suspended during the construction phase of the shield blockhouse.

Safety Evaluation

The collimator placed within the BP3 tube is external to the reactor and performs
a passive function. The reduction of shielding capablity from the original
components was offsct by maintaining reactor power at shutdown levels and the
use of temporary shielding materials.

04-05, Interim Configuration of the Neutron Radiography Facility (NRF)

(a)

(b)

Description

An operating configuration was placed in effect which ensured that the newly
constructed NRF adjacent to Beam Port #3 would provide adequate radiological
shielding during full power reactor operations prior to full installation of the
proposed NRF accessinterlock and control system. A mechanical, air operated
shield shutter is in place3 in front of the Beam Port #3 collimater inside the NRF
structure. Mechanically blocking the shutter in the closed position, securing
operating air and alarming the NRF doors effectively restricts access to any
potential high radiation areas during the period of reactor operations.

Arearadiation mnonitors relocation and an at power radiation survey verify that
existing radiation levels are maintained at acceptable levels adjacent to the NRF.

Safety Analysis

This configuration change maintains adequate radiological protection in the
absence of aninstalled and operating automatic interlock and control system. The
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(6)

onlyinterface withreactor systems will be through the use of plant annunciators,
attached to door micro switches, indicating possible access to the inside of the
NRF.

03-07, Replacement of the Primary Tank water Level Indication System

(a)

®) .-

- Description

The current reactor tank water level detection systemhas beenreplaced withan
electronic level sensing system. The old Styrofoam float and microswitch system
wastemoved. Inits place, two LED/Phototransistor probes are used to detect
reactor tank water level. Both high and low water levels continue to be

- annunciated in the controlroom. The monthly testmg of thelevel proves makes an

annual system test redundant. -

‘Safety Analysis e

Since the systemcircuitry is normally energized, failure of ihe systemresultsinan
alarm condition. Mechanical binding of the old type floats is eliminated.

03-8, Installation of an In-Coire Irradiation Tube Storage Rack

@

(b)

(a)

Description

Anin-corerack specifically designed to hold the three in-core irradiation tubes,
which were developed to expand sample irradiation capabilities, was installed in
the reactor tank. Thisrack, designated as the “T” rack is configured to hold the
three long irradiation tubes inanadvantageous posmon minimizing the need for
creative attachment methods. :

Safety Analysis
Concerns regarding the failure of mounting bolts allowing the rack to lodge in the

controlrods and interfere with their operation were assessed as being consistent
with other equipment mounted to the primary tank liner. Since all tubes are slightly

- buoyant, minimal stress is placed on the mounting system.
03-010, Removal of Fuei Element in Grid Position F29

~ Description

Fuel element #8404 was removed from core position F29 and placed inareactor
tank side storage rack. This fuel removal was required to reduce excess core
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(1)

(2)

(b)

reactivity caused by the burn up of erbiumresulting inan approachto Technical
Specification limits of shutdown margin under all core configurations.

Safety Analysis

Fuelelement #8404 was measured as having a reactivity value 0o1'$0.23 +£$0.01.
Althoughremovalof the clement is expected to result in a higher power density per
clement in the core, the power density will not increase above that which has
alrcady been shown to be acceptable.

10 CFR 50.59 Changes to Reactor Procedures

Numerous changes to procedures related to reactor operation were prompted by facility
changes and the periodic review of the Reactor Operations Committec (ROC).

For additional information regarding these changes, or copies of the changes, contact the
OSTR Operations staff.

04-01, Revisions to OSTROP 18

(2)

(b)

Description

The major procedural change under this revision was to reconfigure the Irradiation
Request forms to conform to comments by users and staff and to clarify form
completion and data retention processes.

Safety Evaluation
The intent of the procedure was not significantly altered. The changes simply

made the intent of the irradiation request form clearer and more useable to
experimenters.

04-07, Revisions to OSTROP 6 and 17

(a)

Description

OSTROP 6, Administrative and Personnel Procedures, reduced the number of
controlled copies of the five documents deemed necessary for distribution from
nine to seven. Removed the two unnecessary recipients fromthe distribution list.

OSTROP 17, Reactor Room Ventilation System Procedures, changes were made

to clarify the location and operational steps of the reactor room ventilation system
following system upgrade.
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(b) Safety Evaluation

Procedural changes did not affect the intent, but rather updated the procedures to
reflect current facility operations..

3. 10 CFR 50.59 Changes to Reactor Experiments
&) 03-05, Creation of Experiment B-33
(a) Description

A new reactor experiment was created to cover the irradiation of combustible
liquids in the rotating rack irradiation facility. Althoughthis processissimilartoa
previous experiment, B-30, Irradiation of Jet, Diesel and Furnace Fuels, the
previous experiment was retired due to lack of usage. Also, changes in the
method of encapsulation were imposed.

Several limitations were placed on the irradiation of combustible materials to
minimize the oxygen present in the containment capsule, sample volume, flash point
and internal pressure developed.

(b) Safety Analysis

Minimizing the potential for release of irradiated material within the rotating rack
was addressed by the imposition of material limitations.

E. Surveillance and Maintenance
1. Non-Routine Maintenance

July 2003 PA system converted to provide automated evacuation alarm
annunciation .

August 2003 Completed fabrication of 2n CLICIT tube.

September2003  Fabricated and installed in-core irradiation tube storage rack (“T”)
rack.

November2003  Replaced failed Stack monitor vane air pump withroots type blower.

February 2004  Replaced failed Percent Power ion chamber with space.

March2004 Beganoutage for construction of Beam Port #3 neutron radiography
facility (NRF)

May 2004 Restored reactor operation following completion of construction
phase of the NRF.
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2. Routine Surveillance and Maintcnance
The OSTR has an extensive routine surveillance and maintenance (S&M) program.
Examples of typical S&M checklists are presented in Figures IV.E. | through IV.E.4.
Items identified by shading arc required by the OSTR Technical Specifications.

Reportable Occurrences

No reportable occurrences were identified during this fiscal year.
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OSTR Operating Statistics (Using the FLIP Fuel Core)

Table IV.A.1

Operational ‘ : ‘ . N : .
Data August1,1976 | July1,1977 | July1,1978 | July1,1979 | July1,1980 | July1,1981 | Julyl, 1982 July 1, 1983
for Through Through Through Through Through Through Through Through
FLIP Core -/ June 30,-1977 | June 30, 1978 | June 30, 1979 } June 30, 1980 | June 30, 1981 | June 30, 1982 | June 30, 1983 | June 30, 1984
Operating
Hours (critical) 875 - 819 458 875 . 1255 1192 1095 1205
Megawatt Houfs 451 ) 496 255 571 1005 999 931 943
Megawatt Days 19.0 20.6 - 10.6 23.8 41.9 41.6 38.8 39.3
Used . - 240 25.9 13.4 29.8 52.5 52.4 . 48.6 49.3
Houré at Full .
Powg:r . 401 _481 - i 218 552 998 973 890 929
(1 MW) :
Numbers of
Fuel Elements ' _
Added or ‘ 85 0 2 0 0 1 0. 0
Removed (-)
Number of ‘ o ‘ .
Irradiation 44 375 329 o . 372 - 348 408 396 469

Requests
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Table IV.A.1 (Continued)
OSTR Operating Statistics (Using the FLIP Fuel Core)

Operational
Data July 1, 1984 | July 1, 1985 { July 1, 1986 | July 1, 1987 | July 1, 1988 | July 1, 1989 | July 1, 1990 | July 1, 1991 | July 1, 1992
for Through Through Through Through Through Through Through Through Through
FLIP Core June 30, June 30, June 30, June 30, June 30, June 30, June 30, June 30, June 30,
1985 1986 1987 1988 1989 1990 1991 1992 1993
Operating
Hours 1205 1208 1172 1352 1170 1136 1094 1158 1180
(critical)
Megawatt 946 1042 993 1001 1025 1013 928 1002 1026
Hours
Megawatt 39.4 43.4 41.4 41.7 42.7 42.2 38.6 41.8 42.7
Days
Grams #°U 49.5 54.4 51.9 52.3 53.6 53.0 48.5 52.4 53.6
Used
Hours at
Full Power 904 1024 980 987 1021 1009 909 992 1000
(1 MW)
Numbers of
Fucl
Elements 0 0 0 -2 0 -1,+1 -1 0 0
Added or
Removed (-)
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"~ Requests
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‘Table IV.A.1 (Continued)
... OSTR Operating Statistics (Using the FLIP Fuel Core)
Ope‘rationalv July 1,1993 | July 1,1994 | July1,1995 | July 1,1996 | July 1,1997 | July 1,1998 | July 1, 1999 | July 1,2000 | July1,2001
Datafor :{ Through Through Through ‘ Through Through Through Through Through Through
FLIP Core " | June 30, 1994 | June 30, 1995 | June 30, 1996 | June 30, 1997 | June 30, 1998 | June 30, 1999 | June 30, 2000 | June 30, 2001 | June 30, 2002
Hours 1248 1262 1226 1124 . 1029 -1241 949 983 1029
(critical)
Megawatt : ‘
Hours 1122 1117 1105 985 927 1115 852 896 917
' ’l‘)‘:yg:wa“ q 46.7 46.6 46.0 41.0 38.6 b 465 . 355 37.3 38.2
Y G 2ifyy \ : .
Do 58.6 584 578 - -.515 - - 485 58.3 44.6 468 - 17
" Hours at Full o :
Power - 1109 1110 - 1101 - 980 - 921 1109 843 890 - 912 -
(1 MW) .
Numbers of . -
Fuel :
. Elements 0 0 -1® -1,+7 0 © 1@ 0 0 -1®
__Added or . — ‘
Removed (-)°
. Number of
Irradiation 303 324 268 282 231 234 210 239
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Table IV. A.1 (Continued)

OSTR Operating Statistics (Using the FLIP Fuel Core)

QOperational July 1,2002 July 1,2003 July 1,2004 July 1, 2005 July 1, 2006 July 1, 2007 July 1,2008 July 1, 2009 July 1,2010
Data for Through Through Through Through Through Through Through Through Through
FLIP Core June 30,2003 | Junc 30,2004 | June30,2005 | June30,2006 | Junec30,2007 | June30,2008 | June30,2009 | June30,2010 | Junc30,2011
Operating 1100 977
Hours
(critical)
Megawatt 1025 966
flours
Mcgawatt 42.7 40.2
Days
Grams 23U 50.5 48.0
Used
Hours at Full 1023 965
Power
(1 MW)
Numbers of 0 -1®
Fuel
Elements
Added or
Removed (-)
Number of 215 207
Irradiation
Requests
) The reactor was shutdown on July 26, 1976 tor one month in order to completely refucl the reactor with a new FLIP fuel core.
2) No fuel clements were added, but one fueled follower control rod was replaced.
3) Two fuel elements were removed duc to cladding defonmation.
4) Onc fuel clement removed due to cladding deformation and one new fuel element added.
(5) One fuel element removed for core excess adjustiment.
6) No fuel clements were added, but the instrumented fuel element was replaced.
(7) One fuel element removed duc to cladding deformation and one use fuel element added.
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Table IV. A 2 L
OSTR OQperating Statistics with the Original (20% nnchcd) Standatd TR GA Fuel Core
Operational S a U DA TOTAL:
Data Mar 8,67 | Jul1,68 } Jul1,69 | Apr1,70 | Apr1,71 | Apr1,72. Apr 1, 73 'Apr 1, 74 Apr1,75 |Apr1,76 " March 6:1
for 20% Through | Through | Through Through Through Through Through Through Through { Through *“Throuch
Enriched | Jun 30, 68 | Jun 30, 69 | Mar 31,70 | Mar 31,71 | Mar 31,72 | Mar 31,73 | Mar 31,74 | Mar 31,75 | Mar 31,76 |Jul 26,76 July 7’;6
Core : , :
Operating _ S .
Hours 904 610 567 855 598 954 705 563 794 353 6903
(critical)
ggfgwa“ 117.2 102.5 138.1 223.8 195.1 497.8 335.9 321.5 408.0 2130 | 25530
ll\)'f:)gsawatt 49 43 5.8 9.3 8.1 20.7 14.1, 134 17.0 90 | 106.4
25 , i ' ' : ' :
Grams U 6.1 5.4 7.2 117 102 260 . | 176 168 214, 107.| 1330
Hours at Full .
Power - 429 369 58 856 -
(250 kW) ;
Hours at Full '
Power --- - 20 23 100 401 200 291 460 205 1700
(1MW)
Number of 70 .
Fuel Elements (Initial) 2 13 1 1 | 2 2 2 0 94
Added to Core , :
Number of ' )
Irradiation 429 433 391 528 347 550 452 396 357 217 4100
Requests P )
Rumber of 202 236 299 102 98 249 | 109 © 183 K 39 | 1560
(1) . Reactor went critical on March 8, 1967 (70 element core; 250kW). Note: ThlS penod length is 1.33 years as initial cnUcahty occurred in March of 1967.

@ .-

a change in the reporting period from July-June to April-March.

3)
@

Reactor shutdown June 1, 1971 for one month for cooling system upgrading. .
Reactor shutdown July 26, 1976 for one month for refueling reactor wnth a new full FLlP fuel core. Note This period length is 0.33 years

Reactor shutdown August 22, 1969 for one month for upgrading to IMW (dld not upgrade coolmg system) Note This pcnod length is only 0.75 years as there was




Table IV.A.3

Present OSTR Operating Statistics

[s i € l [ [ &
Operqt}(())r;q Data Annual Values Cumulative Values
FLIP Core (2003/2004) for FLIP Core
MWH of cnergy produced 966 25,652
MWD of energy produced 40.2 1,068.2
Grams U used 48.0 1,335.5
Number of fuel elements added to -1 78 + 3 FFCR®
(+) or removed from (-) the core
Number of pulses 17 1,384
Hours reactor critical 977 25,320
Hours at full power (1 MW) 965 25,231
Number of startup and shutdown 240 7,657
checks
Number of irradiation requests 207 8,975
processed
Number of samples irradiated 1,845 112,830

(D Fuel Follower Control Rod. These numbers represent the core loading at the end of this
reporting period.
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Table IV.A 4

OSTR Use Time in Terms of Specific Use Categories

- Y . Annual Values Cumulative Values

‘9STR Use Category (hours) : .\for(ll«‘ll(;ll;sg:ore
Teaching (departmental and others)® 16 13,192
OSU Research 411 9,783
Off-campus research 1,587 20,320
Forensic services 0. 234@
Reactor preclude time 1146 22,712
Facility time® 0 7,117
TOTAL REACTOR USE TIME | 3,160 73,358

1) See Tables III.A.1 and II1.D.1 for teaching statistics (reactor tours are not logged as use).
(2)  Prior to the 1981-1982 reporting period, forensic services were grouped under another use

category and the cumulative hours have been compiled beginning with the 1981-1982 report.
(3)  The time OSTR spent operating to meet NRC facility license requirements.
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Table IV.A.5

OSTR Multiple Use Time

Annual Values

Cumulative Values

Number of Users (hours) for FLIP Core

(hours)

Two 515 5,448

Three 160 1,802

Four 61 637

Five 7.5 149.5

Six 0 59

Scven 0 12

TOTAL MULTIPLE USE TIME 743.5 8,107.5
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Table IV.B.1

Use of OSTR Reactor Experiments .

Experiment | _- : | NRCU
Xpe ‘Research | Teaching Forensic License Other Total
-Number - ~ : : , : Sl .
Requirement

Al 2 0 0. 0 0. 2
‘B-3 © 183 20 0| 0 0 203
B-32 2 0 0 0 0 2

Total 187 20 0. 0 0 207
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Table IV.C.1

Unplanned Reactor Shutdowns and Scrams

Number of
Type of Event : Cause of Event
Occurrences
Safety Channel Scram 1 Operator crror - operator failed to maintain steady state
power below scram setpoint.
Safety Channel 1 Power spike caused by withdrawal of Cd covered wire
Scram cxperiment from core area following short irradiation.
Safety Channel 1 Operator error - operator failed to maintain power levels
Scram following increase to 1 MW after square wave to 500
kW.
Percent Power ) Operator error - operator failed to maintain power during
Channel Scram indicated power crecp upwards due to pool temperature
reduction.
Manual Reactor 1 Unable to raise Shim rod reliably. Related to motor
Shutdown cooling or possible internal rod barrel binding. Operation
restored following forced cooling of drive motor.
Manual Reactor | Loss of secondary cooling pump during power escalation.

Shutdown

Thermal overloads reset.

Manual Reactor
Shutdown

Loss of stack monitor pump. Monitor blower found
seized.

Reactor 1V - 18
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Figure IV.E.1
Monthly Surveillance and Maintenance (Sample Form)
OSTROP13 Rev.9 - - SURVEILLANCE & MAINTENANCE FOR THE MONTH OF
; SURVEILLANCE & MAINTENANCE - . TARGET | DATENOTTOBE. |  DATE REMARKS
' LIMITS COMPLETED | & INITIALS

[SHADE INDICATES LICENSE REQUIREMENT]

JENGTION

DATE EXCEEDED *

o] " ‘;'/:;r_ reh
e

s

|

4 | PRIMARY WATER Ph MEASUREMENT
5 | BULK SHIELD TANK WATER Ph MIN: 5 )
- | MEASUREMENT L MAX: 8.5 :
6 - | CHANGE LAZY SUSAN FILTER FILTER CHANGED |
7 | REACTOR TOP CAM OIL LEVEL CHECK - OSTROP 13.10 NEED OIL?_:
8 | PROPANE TANK LIQUID LEVEL CHECK > 50% .
9 . | PRIMARY PUMP BEARINGS OIL LEVEL OSTROP 13.13 NEED OIL?_ b
10 | WATER MONITOR CHECK

* Date not to be exceeded is only applicable to shaded items. It is equal to the time completed last month plus six weeks.
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Figure IV.E.2
“Quarterly Surveillance and Maintenance (Samplc Form)

OSTROP 14 Rev. 6 SURVEILLANCE & MAINTENANCE FOR THE 1*/2¢ /3% /4% QUARTER OF 20___
SURVEILLANCE & MAINTENANCE TARGET DATE NOT TO DATE REMARKS &
[SHADE INDICATES LICENSE REQUIREMENT) LIMITS AS FOUND DATE BE EXCEEDED* | COMPLETED INITIALS
R, s R U PE T .~'i€‘”'..;' T :’ e
e D]
6 |ROTATING RACK CHECK FOR UNKNOWN SAMPLES EMPTY
7 |WATER MONITOR ALARM CHECK FUNCTIONAL
MOTORS OILED
STACK MONITOR CHECKS
8 |(OIL DRIVE MOTORS, H.V. READINGS) PART: 1150V —V
GAS: 900V £50 \%
9 |CHECKFILTER TAPE SPEED ON STACK MONITOR 1"/HR £ 0.2
10 |INCORPORATE 50.59 & ROCAS INTO DOCUMENTATION QUARTERLY
11 |STACK MONITOR ALARM CIRCUIT CHECKS ALARM ON
ARM SYSTEM ALARM CHECKS
CHaN |1 |2 143 |4 ]5]|6]7 189 l10li1frah3fi4
1o AT FUNCTIONAL
LIGHT
PANEL
ANN
* Date not to be exceeded is only applicable to shaded items. It is equal to the date completed last quarter plus four months,
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~ OSTROP 14 Rev. 6 (CONTINUED)

I

- Figure IV.E.2 (Continued) .
" Quarterly Surveillance and Maintenance (Sample Form)

| SURVEILLANCE & MAINTENANCE FOR THE 1*/2%/ 3%/ 4% QUARTER OF 20__

13

A SURVEILLANCE & MAINTENANCE ‘ '
[SHADE INDICATES LICENSE REQUIREMENT] LIMITS

_OPERATOR LOG

“TARGET

'a) 24 hours: at

console (RO) or as

Rx. Sup. (SRO)

b) Complete

.| Operating Exercise

'DATENOTTO -

DATE

REMARKS &

AS FOUND DATE BE EXCEEDED* - | . COMPLETED INITIALS
a) TIME b) OPERATING EXERCISE

* Date not to be exceeded is only applicable to shaded items. Tt is equal to the date completed last quarter plus four months.




Figure IV.E.3
Semi-Annual Surveillance and Maintenance (Sample Form)

OSTROP 15 Rey. 10 SEMI-ANNUAL SURVEILLANCE AND MAINTENANCE FOR 1* /2¢ HALF 20

DATE NOT REMARKS
SURVEILLANCE & MAINTENANCE TO BE DATE &
[SHADE INDICATES LICENSE REQUIREMENT] EXCEEDED* INITIALS
G e
ESENO R ObO BN R ,
Ay ; o A ey %
Q a:
3 3 ~ - >
S & b
— I g PN | o e S e 1 5
CYREETI : e
< esien IR ; :
N P ;
; =% 5
5 s % : s
t E_ X 3
S §
i ] it ; 2 % i 4 : :
y i 3 oS K Ry ? £ 3
; e '




£2 - AI 101003y

I [ [ ! [ [ [ [ [ [ [ [ P [ . [
Figure IV.E.3 (Continued)
Semi-Annual Surveillance and Maintenance (Sample Form)
OSTROP'15 Rev.10 (CONTINUED) SEMI-ANNUAL SURVEILLANCE AND MAINTENANCE FOR 1# /2 HALF 20,
A o , ) : N A DATENOT L REMARKS
: SURVEILLANCE & MAINTENANCE o TARGET TOBB  DATE | &
[SHADE INDICATES LICENSE REQUIREMENT] - : LIMITS . | . ASFOUND | .DATE | EXCEEDED* |COMPLETED | INITIALS
10 [LUBRICATION OF THE ROTATING RACK BEARINGS o 10W OIL:
11 |CONSOLE CHECK LIST - . o _ OSTROP 15XI
.12 [NVERTER MAINTENANCE- - . . T S See User Manuat --| o 1
13 [STANDARD CONTROLROD MOTOR CHECKS .. C R * " JLO-17 Bodine Ol 1 : Do )
, . s ' NONE g
Lo . SAFETY CHANNEL - .. . .
14 [ON CHAMBER RESISTANCE MEASUREMENTS - ; : (Info Only)
MEGGAR INDUCED VOLTAGE B K NONE
- : - %5POWER CHANNEL , | (lafo Oaly)
’ ' o . @100V.1I= AMPS
1s [FISSION CHAMBERRESISTANCE . 20%. ~ @ 900v.1= —AMPS | NONB 4 S R
CALCULATION Al A= AMPS . (nfoOnly) . , o
: . © " R= a0 ' : : 3
o : o ) HIGH - -
R ' v - ' OSTROP - [FULL
16 [FUNCTIONAL CHECK OF HOLDUP TANK WATERLEVEL ALARMS o v |GRESR ‘
, L. . . ) o ] . . ‘1 N IGHT
5 ' [BRUSHINSPECTION;
17 {INSPECTION OF THE PNEUMATIC TRANSFER  |SOLENOID VALVE INSPECTION FUNCTIONAL'
SAMPLE INSERTION TIME CHECK <6 SECONDS

*Date not to be exceeded is only applicable to shaded jtems. It is equal to the date last time plus 7 ¥2 months.
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Figure IV.E.4

Annual Surveillance and Maintenance (Sample Form)

OSTROP 16.0 Rev. 8

Annual Surveillance and Maintenance for 20___

SURVEILLANCE AND MAINTENANCE

TARGET
DATE

DATE NOT
TOBE
EXCEEDED*

DATE REMARKS &
COMPLETED INITIALS

[SHADE INDICATES LICENSE REQUIREMENT ] LIMITS
TECRTE

T
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* Date not to be exceeded is only applicable to shaded items. It is equal to the date completed last year plus 15 months. For biennial license requirements, it is equal to the date

completed last time plus 2 %2 years.
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Figure IV.E.4 (Continued)
Annual Surveillance and Maintenance (Sample Form)
OSTROP 16.0 Rev. 8 (Continued) Annual Surveillance and Maintenance for 20
: DATE NOT
SURVEILLANCE AND MAINTENANCE 3 AS TARGET TOBE DATE REMARKS &
[SHADE INDICATES LICENSE REQUIREMENT]) LIMITS FOUND DATE EXCEEDED* COMPLETED INITIALS
: SRR NINGEO SR AL SR R i 5
TG g
% ' : IPER EVIEY : ; : ;
SR b T s R bk e e S e "?"r By ﬁzi‘?;"‘z‘z
NO POWDERY
16 | REACTOR TANK AND CORE COMPONENT INSPECTION WHITE SPOTS

17 EMERGENCY LIGHT LOAD TEST RCHPP 18.0

1g | FUEL ELEMENT INSPECTION FOR SELECTED PASS Pulse #
ELEMENTS (B1, B2, B3, B5, B6, C3, C5, D5, D6) GO/NO GO Date
FUNCTIONAL TEST OF THE REACTOR WATER LOW INS

9| LEVEL ALARM ~3 INCHES ANN

ANNUAL REQUALIFICATION BIENNIAL MEDICAL EVERY 6 YEARS LICENSE
REACTOR OPERATOR LICENSE CONDITIONS
WRITTEN EXPIRATION
OPERATING TEST APPLICATION
EXAM DATE DUE DATE DATE
OPERATOR NAME DATE DATE DATE DATE COMPLETED DUE DATE
20 DUE PASSED DUE PASSED DATE MAILED

* Date not to be exceeded is only applicable to shaded items. It is equal to the date completed last year plus 15 months. For biennial license requirements, it is equal to the date

completed last time plus 2 Y2 years.
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Part V
PROTECTION

| Introduc_tidrr

This section of the report deals with the radiation protection pro gramat the OSU Radiation Center.
The purpose of this pro gram isto ensure the safe use of radiation and radioactive materialin the
Center's teaching, research, and service acuvmes andina similar manner to ensure the fulfillment

. of allregulatoryrequirements of the state of Oregon the U.S. Nuclear Regulatory Commission,
. andother regulatory agencies. The comprehensrve nature of the programls showninTable V.A.1,

which lists the program's major radiation protecuon requirements and the performance frequency
for each item.

The radiation protection programis implemented by a staff consisting of a Senior Health Physicist,
a Health Physicist, and several part- -time Health Physics Monitors (see Part IL.F). Assistance is
also prov1ded by thereactor operatlons group, ‘the neutron activation analysis group, the Scientific
Instrument Technician, and the Radlatlon Center Director.

The data contained in the following sections have been prepared to comply with the current
requirements of Nuclear Regulatory Commission (NRC) Facility License No. R-106 (Docket No.
50-243) and the Technical Specifications contained in that license. The material has also been
prepared in compliance with Oregon Office of Energy Rule No. 345-30- 010, whlch requires an
annual report of environmental effects due to research reactor operallons

Within the scope of Oregon State University's radiation protection program, it is standard operating
policy to maintain allreleases of radioactivity to the unrestricted environment and allexposures to
radiation and radioactive matenals at levels which are con51stent1y ‘as low as reasonably
achievable” (ALARA).

Ehvironmental Releases

The annualreporting requirements in the OSTR Technical Specifications state that the licensee
(OSU) shall include “a summary of the nature and amount of radioactive effluents released or
discharged to the environs beyond the effective control of the licensee, as measured at, or prior to,
the point of suchrelease or discharge.” The liquid and gaseous effluents released, and the solid
waste generated and transferred are discussed briefly below. Dataregarding these effluents are
also summarized in detail in the designated tables.

Protection V- 1



1.

Liquid Effluents Released
a. Liquid Effluents Released

Oregon State University has implemented a policy to reduce the volume of
radioactive liquid effluents to an absolute minimum. For example, water used
during the ion exchanger resin change is now recycled as reactor makeup water.
Waste water from Radiation Center laboratories and the OSTR is collected ata
holdup tank prior to release to the sanitary sewer. Whenever possible, liquid
cffluent is analyzed for radioactivity content at the time it is released to the
collection point. However, liquids arc always analyzed for radioactivity before the
holdup tank is discharged into the unrestricted area (the sanitary sewer system).
For this reporting period, the Radiation Center and reactor made one liquid
cffluent release to the sanitary sewer. All Radiation Center and reactor facility
liquid effluent data pertaining to this release are contained in Table V.B.1.a.

b. Liquid Waste Generated and Transferred

Liquid waste generated from glassware and laboratory experiments is transferred
by the campus Radiation Safety Office to its waste processing facility. Theannual
summary of liquid waste generated and transferred is contained in Table V.B. L.b.

Airborne Effluents Released

Airborne effluents are discussed in terms of the gaseous component and the particulate
component.

a. Gaseous Effluents

Gascous cffluents from the reactor facility are monitored by the reactor stack
effluent monitor. Monitoring is continuous, i.e., prior to, during, and afterreactor
operations. It is normal for the reactor facility stack effluent monitor to begin
operation asone of the first systems in the morning and to ceasc operationas one
ofthe last systems at the end of the day. All gaseous effluent data for thisreporting
period are summarized in Table V.B.2.
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b. Particulate Effluents

Particulate effluents from the reactor facility are also monitored by the reactor
facility stack effluent monitor.

Evaluation of the detectable particulate radioactivity in the stack effluent confirmed
its origin as naturally-occurring radon daughter products, within a range of
approximately 3 x 10" uCi/mlto 1x 10® pCi/ml. This particulate radioactivity
is predominantly !*Pb and 2!“Bi, which is not associated with reactor operations.

- There was no release of particulate effluents with a halflife greater than eight days
and therefore the reporting of the average concentration of radioactive particulates
with half lives greater than eight days is not applicable.

3. Solid Waste Released

Data for the radioactive material in the solid waste generated and transferred during this
reporting period are summarized in Table V.B.3 for both the reactor facility and the
Radiation Center. Solid radioactive waste isroutinely transferred to the OSU Radiation
Safety Office. Until this waste is disposed of by the Radiation Safety Office, it is held
along with other campus radioactive waste on the University's state of Oregonradioactive
materials license. '

Solid radioactive waste is disposed of by the University Radiation Safety Office by transfer
to the University's radioactive waste disposal vendor, Thomas Gray Associates, Inc., for
burial at its installation located near Richland, Washington.

Personnel Doses

The OSTR annual reporting requirements specify that the licensee shall present a summary of the
radiation exposure received by facility personnel and visitors. For the purposes of this report, the
summary includes all Radiation Center personnel who may have received exposure to radiation.
These personnel have been categorized into six groups: facility operating personnel, key facility
research personnel, facilities services maintenance personnel, students in laboratory classes, police
and security personnel, and visitors.

Facility operating personnel include the reactor operations and health physics staff. The dosimeters
used to monitor these individuals include quarterly TLD badges, quarterly track-etch/albedo

neutron dosimeters, monthly TLD (finger) extremity dosimeters, and pocket ion chambers.

Key facility research personnel consist of Radiation Center staff, faculty, and graduate students
who perform research using the reactor, reactor-activated materials, or using other research
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facilities present at the Center. Theindividual dosimetry requirements for these personnel will vary
withthe type of research being conducted, but will gencrally include a quarterly TLD filmbadge
and TLD (finger) extremity dosimeters. Ifthe possibility of neutron exposure exists, researchers
are also monitored with a track-ctch/albedo neutron dosimeter.

Facilitics Services maintenance personnel are normally issued a gamma sensitive electronic
dosimeter as their basic monitoring device. A few Facilities Services personnel who routinely
performmaintenance on mechanical or refrigeration equipment are issued a quarterly Xp(y) TLD
badge and other dosimeters as appropriate for the work being performed.

Students attending laboratory classes are issued quarterly Xp(G) TLD badges, TLD (finger)
extremity dosimeters, and track-etch/albedo or other neutron dosimeters, as appropriate.

Students or small groups of students who attend a one-time laboratory demonstrition and do not
handle radioactive materials are usually issued a gamma sensitive electronic dosimeter. These
results are not included with the laboratory class students.

OSU police and security personnel are issued a quarterly XB(y) TLD badge to be used during their
patrols of the Radiation Center and reactor facility.

Visitors, depending on the locations visited, may be issued a gamma sensitive electronic dosimeters.
OSU Radiation Center policy does not normally allow people in the visitor category to become
actively involved in the use or handling of radioactive materials.

Anannual summary of the radiation doses reccived by each of the above six groups is shown in
Table V.C. 1. There were no personnel radiation exposures in excess of the limits in 10 CFR 20
or state of Orcgon regulations during the reporting period.

Facility Survey Data
The OSTR Technical Specifications require an annual summary of the radiation levels and levels
of contamination obscrved during routine surveys performed at the facility. The Center's

comprehensive area radiation monitoring programencompasses the Radiation Center as well as
the OSTR, and therefore monitoring results for both facilitics arc reported.
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Area Radiation Dosimeters

Area monitoring dosimeters capable of integrating the radiation dose are located at
strategic positions throughout the reactor facility and Radiation Center. All of these
dosimeters contain at least a standard personnel-type beta-gamma filmor TLD pack. In
addition, for key locations in the reactor facility and for certain Radiation Center
laboratories a CR-39 plastic track-etch neutron detector has also been included in the
monitoring package.

. The total dose equivalent recorded on the various reactor facility dosimeters is listed in
. Table V.D.1 and the total dose equivalent recorded on the Radiation Center area

dosimetersislisted in Table V.D.2. Generally, the characters following the MRC (Monitor

‘Radiation Center) designator show the room number or location.

Routine Radiation and Contamination Surveys

: The Center's program for routine radiation and contamination surveys consists of daily,

weekly, and monthly measurements throughout the TRIGA reactor facility and Radiation

. Center. The frequency of these surveys is based on the nature of the radiation work being
-. carried out at a particular location or on other factors which indicate that surveillance over

a specific area at a defined frequency is desirable.

The primary purpose of the routine radiation and contamination survey programis to
assure regularly scheduled surveillance over selected work areas in the reactor facility and
in the Radiation Center, in order to provide current and characteristic data on the status
of radiological conditions. ‘A second objective of the program is to assure frequent

. on-the-spot personal observations (along withrecorded data), which will provide advance
- warning of needed corrections and thereby help to ensure the safe use and handling of

radiation sources and radioactive materials. A third objective, whichisreallyderived from
successful execution of the first two objectives, is to gather and document information
which will help to ensure that all phases of the operational and radiation protection
programs are meeting the goal of keeping radiation doses to personnel and releases of

- radioactivity to the environment “as low as reasonably achievable” (ALARA).

The annual summary of radiation and contamination levels measured during routine facility

- surveys for the applicable reporting period is given in Table V.D.3.
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Environmental Survey Data

The annual reporting requirements of the OSTR Technical Specifications include *“an annual

summary of environmental surveys performed outside the facility.”

l. Gamma Radiation Monitoring

On-site Monitoring

Monitors used in the on-site gamma environmental radiation monitoring program
at the Radiation Center consist of the reactor facility stack effluent monitor
described in Section V.B.2 and nine environmental monitoring stations. These
stations consist of a polyethylene bottle placed inside aPVC tube attached to the
reactor building perimeter fence at a height of four feet.

Each fence environmental station is equipped with an OSU supplied and
processed TLD area monitor (normally three Harshaw "LiF TLI>-700 chips per
"Li monitor in a plastic “LEGO” mount). These monitors are cxchanged and
processed quarterly. The totalnumber of TLD samples for the re porting period
was 108 (9 stations x 3 chips per station per quarter x 4 quarters per year). A
summary of this TLD data is shown in Table V.E.1.

During this reporting period, cach fence environmental station utilized an LIFTLD
monitoring packet supplied and processed by ICN Worldwide Dosimetry Service
(ICN), Costa Mesa, California. Each ICN packet contained three LIF TLDs and
was exchanged quarterly for atotalof 108 samples during the reporting period (9
stations x 3 TLDs per station x 4 quarters). The total number of ICN TLD
samples for the reporting period was 90. A summary of the ICN TLD data is
also shown in Table V.E.1.

Monthly measurements of the direct gamma dose rate (premh!) were also made
ateach fence monitoring station. These measurements were made with a Bicron
micro-rem per hour survey meter containing a 1” x 1"’ Nal detector.

A total of 108 prem h'! measurements were taken (9 stations per month x 12
months per year). The total calculated dose equivalent was determined by
averaging the 12 separate premh! measurements and multiplying this average by
8760 hours per year. A summary of this data is shown in Table V.E.1.

FromTable V.E.1 it is concluded that the doses recorded by the dosimeters on

the TRIGA facility fence can be attributed to natural background radiation, which
is about 110 mrem per year for Oregon (Refs. 1, 2).
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b. Off-site Monitoring .

The off-site gamma environmental radiation monitoring programconsists of twenty
monitoring stations surrounding the Radiation Center (see Figure V.E.2) and six
stations located within a 5 mile radius of the Radiation Center.

- Each off-site radiation monitoring station is equipped with an OSU-supplied and
processed TLD monitor. Each monitor consists of three Harshaw "LiF TLD-700
chipsin a plastic “LEGO” mount. The mount is placed in a polyethylene bottle
inside a PVC tube which s attached to the station’s post about four feet above the
ground (MRCTE 21 and MRCTE 22 are mounted on the roof of the EPA
Laboratory and National Forage Seed Laboratory, respectively). These monitors
are exchanged and processed quarterly, and the total number of TLD samples
during the current one-year reporting period was 240 (20 stations x 3 chips per
station per quarter x 4 quarters per year). A summary ofthe OSU off-site TLD
datais provided in Table V.E.2. The total number of ICN TLD samples for the

_reporting period was 144 (12 station x 3 TLDs per station x4 quarters). The total
number of ICN TLD samples for the reporting period was 128. A summary of
ICN TLD data for the off-site monitoring stations is also given in Table
V.E.2. e

In a manner similar to that described for the on-site fence stations, monthly
measurements of the direct gamma exposure rate in microremper hour (premh?)
are made at each of the twenty off-site radiation monitoring stations. Asnoted
before, these measurements are made with a Bicronmicro-rem per hour survey
meter containing a 1”’ x 1" Nal detector. A totalof240 uremh™ measurements
were made during the reporting period (21 stations per month x 12 months per
year). The total dose equivalent for each station was determined by averaging the
12 separate premh™! measurements and multiplying this average by 8760 hours
per year. A summary of these data is given in Table V.E.2. .

Afterareview of the datain Table V.E.2, it is concluded that, like the dosimeters
onthe TRIGA facility fence, all of the doses recorded by the off-site dosimeters
can be attributed to natural background radiation, whichis about 110 mrem per
year for Oregon (Refs. 1, 2).

2. Soil, Water, and Vegetation Surveys -

The soil, water, and vegetation monitoring program consists of the collection and analysis
of a limited number of samples in each category on a quarterly basis. The program
monitors highly unlikely radioactive material releases fromeither the TRIGA reactor facility
orthe OSU Radiation Center, and also helps indicate the general trend of the radioactivity
concentration in each of the various substances sampled. See Figure V.E.1 for the
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locations of the sampling stations for grass (G), soil (S), water (W) and rainwater (RW)
samples. Most locations are within a 1000 foot radius of the reactor facility and the

Radiation Center. In general, samples are collected over a local area having a radius of

about ten feet at the positions indicated in Figure V.E.1.

There are a total of 22 quarterly sampling locations: four soil locations, four water
locations (when water is available), and fourteen vegetation locations. The totalnumber
of samples taken during this reporting period is 86 (16 soil samples, 14 water samples, and
56 vegetation samples).

The annual average concentration of total net beta radioactivity (minus tritium) for samples
collected at each environmental soil, water, and vegetation sampling location (sampling
station) is listed in Table V.E.3. Calculation of the total net beta disintegration rate
incorporates subtraction of only the counting system background from the gross beta
counting rate, followed by application of an appropriate counting system efficiency.

The annual average concentrations were calculated using sample results which exceeded
the lower limit of detection (LLD), except that sample results which were less thanor equal
to the LLD were averaged inatthe corresponding LLD concentration. Table V.E.4 gives
theaverage LLD concentration and the range of LLD values for cach sample category for
the current reporting period.

As used in this report, the LLD has been defined as the amount or concentration of
radioactive material (in terms of pCi per unit volume or unit mass) in a representative
sample, which has a 95% probability of being detected.

Identification of specific radionuclides is not routinely carried out as part of this monitoring
program, but would be conducted if unusual radioactivity levels above natural background
were detected. However, from Table V.E.3 it canbe seen that the levels of radioactivity
detected were consistent with naturally occurring radioactivity and compirable to values
reported in previous years.

Radioactive Material Shipments

A summary of the radioactive material shipments originating fromthe TRIGA reactor facility, NRC
license R-106, is shown in Table V.F.1. A similar summary for shipments originating from the
Radiation Center's state of Oregon radioactive materials license ORE 90005 is shown in Table
V.F.2. A summary of radioactive material shipments exported under Nuclear Regulatory
Commission general license 10 CFR 110.23 is shown in Table V.F.3.
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Table V.A.1

Radiation Protection Program Requirements and Frequencies

FREQUENCY

RADIATION PROTECTION REQUIREMENT

Daily/Weekly/Monthly

Perform routine area radiation/contamination monitoring.

Monthly

Perform routine response checks of radiation monitoring instruments.

Monitor radiation levels (prem h'') at the environmental monitoring stations.

Collect and analyze TRIGA primary, secondary, and make-up water.

Exchange personnel dosimeters and inside area monitoring dosimeters. and review exposure
reports.

Inspect laboratories.

Check emergency safety equipment.

Perform neutron generator contamination survey.

Calculate previous month's gaseous effluent discharge.

As Required

Process and record solid waste and liquid effluent discharges.
Prepare and record radioactive material shipments.

Survey and record incoming radioactive materials receipts.
Perform and record special radiation surveys.

Perform thyroid and urinalysis bioassays.

Conduct orientations and training.

[ssue radiation work permits and provide health physics coverage for maintenance operations.

Quarterly

Prepare, exchange and process environmental TLD packs.

Collect and process environmental soil, water, and vegetation samples.

Conduct orientations for classes using radioactive materials.

Collect and analyze sample from reactor stack effluent line.

Exchange personnel dosimeters and inside area monitoring dosimeters, and review exposure
reports.

Semi-Annual

Leak test and inventory sealed sources.
Conduct floor survey of corridors and reactor bay.
Inventory and inspect Radiation Center equipment located at Good Samaritan Hospital.

Annual

Calibrate portable radiation monitoring instruments and personnel pocket ion chambers,
Calibrate reactor stack effluent monitor, continuous air monitors, remote area radiation
monitors, water monitor, and air samplers.

Measure face air velocity in laboratory hoods and exchange dust-stop filters and HEPA filters
as necessary.

Inventory and inspect Radiation Center emergency equipment.

Conduct facility radiation survey of the *Co irradiators.

Conduct personnel dosimeter training.

Perform contamination smear survey of Radiation Center ventilation stacks.

Update decommissioning logbook.
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Table V.B.1.a
Monthly Summary of Liquid Effluent Releases to the Sanitary Sewer!?
(OSTR Contribution Shown in ( ) and Bold Print)

Specific Activity ‘ S .
For Each Total Average Percent of Total
Total Detectable D-ctccta?lc . Quantity of | Concentration Applicable Vol}lme of
Date of Quantity of Radio- Radionuclide in Each of Released | Monthly Average Liquid
Discharge Radioac t)i,vit nuclides in the Waste, Where | Detectable Radioactive | Concentration for | Effluent
(Month and RN yi the Release Radionuclide | Material at the Released Relcased
o Released the Waste . . . : .. .
Year) - -(Curies) Concentration Released in Point of Radioactive Including
: Was >1 x 107 the Waste Release Material Diluent @
pCifcm? (Curies) (1Ci mi?) (%) @ (gal)
- - (£Ci ml?) '
January 2004 | 1.26 x 10* H 1.79 x 10° 126x10* | 1.79x 10° 0.1 1857
Annual Total for . 4 Ir ' ) a ‘S e
_RediwionCemer | 120%107 | W ] 17907 | 126x107 | LTOxIOT | 01 w7
OSTR: . : i ..
Contributionto N/A N/A N/A N/A N/A N/A N/A
Above : :

(M
@)

©))
@

®)

OSU has |mp1emcnted a pohcy to reduce to the absolule minimum radloacuve wastes dnpo:ed to the samtaxy sewer, There were no liquid effluent releases
during months not listed. -
The OSU operational policy is to subtract only detector background from the water analysns data and not background radioactivity in the Corvallis city

water.

Based on values listed in 10 CFR 20, Appendix B to 20.1001 - 20.2401, Table 3, which are applicable to sewer disposal.
The total volume of liquid effluent plus diluent does not take into consideration the additional mixing with the over 250,000 gallons per year of liquids
and sewage normally discharged by the Radiation Center complex into the same sanitary sewer system.
Less than the lower limit of detection at the 95% confidence level.




Table V.B.L.b

Annual Summary of Liquid Waste Generated and Transferred

Volume of Liquid

Dates of Waste
Pickup for

Origin of Waste D.etecta.ble . I‘ot.al Ql'm'nu.ty of Transfer to the
- . n Radionuclides in | Radioactivity in the
Liquid Waste Packaged! . Waste
the Waste Waste (Curies) .
(gallons) Processing
v Facility
<
o .
8 TRIGA 'R.caclor None . N .
S Facility
< .
. Radiation Center 23817 31 14 90 - 3 9/16/03!
S Laboratories 6.3 U."H, 7C, T 336 x 10 6/22/04
TOTAL 16.3 38y, 3, MC, *°Sr 5.56 x 10’3 ---

n TRIGA and Radiation Center liquid waste is picked up by the Radiation Safety Office for transfer Lo its waste processing
facility for final packaging.

) The short-lived waste was held by the Radiation Safety Office for decay.




Table V.B.2

Monthly TRIGA Reactor Gaseous Waste Discharges and Analysis®!

L Estimated : Fraction of the
Total Estimated | , = WL L | - Technical
Total Estimated Quantity of . ' pheric Ui \ Specification .
. e Concentration of
Month Activity Released Argon-41 Annual Average
. @) Argon 41 at Point of
(Curies) . Released Argon-41
- : - : g Released - -
(Curies) . @Ci/ce) Concentration Limit
H (%)
July 0.17 0.17 ; 1.45E-08 ' 0.36
August 0.12 0.12 : 1.04E-08 0.26
September 0.15 0.15 1.28E-08 0.32
Qctober 0.17 0.17 ‘ ’ 1.44E-08 0.36
November 0.21 0.21 ' 1.79E-08 0.45
December 0.13 ) 0.13 . 1.07E-08 0.27
January 0.16 046 |  137E-08 - 0.34
February 0.20 0.20 1.83E-08 ' 0.46
March 0.22 0.22 1.88E-08 0.47
April 0.00 0.00 0.00E+00 0.00
May 0.02 0.02 1.45E-09 0.04
June 0.14 0.14 1.21E-08 0.30
TOTAL

(‘03-04) 1.68 1.68 1.21E-08 0.30

(1) Airborne effluents from the OSTR contained no detectable particulate radioactivity resulting from reactor operations,
and there were no releases of any radioisotopes in airborme effluents in concentrations greater than 20% of the
applicable effluent concentration. (20% is a value taken from the OSTR Technical Specifications.)

(2) Routine gamma spectroscopy analysis of the gaseous radioactivity in the OSTR stack dlscharge indicated the only
detectable radionuclide was argon-41. : -
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Table V.B.3

Annual Summary of Solid Waste Generated and Transferred

Volume of

Total Quantity

Dates of Waste
Pickup for

Origin of Solid Waste R'?(;il:::ill)ildccs of Radioactivity Transfer to the
TR >, ) ¢ : : .
Solid Waste I Jck.ag?d in the Waste in Solid .Wasle Osu W‘}sle
(Cubic Feet) (Curies) Processing
Facility
137, 6, SR
oy 1 Cs, "Co, *Co,
};*::E:;\r 5Se, 2By, Eu, 59 x 107 9/18/03, 4/7/04,
Bt 26.25 M, ¥Sc, *ICr, 7 6/22/04
actiity $Mn, '#Sh, ®Rb
32[)‘ ZSBU, 3[ l, 9OSr’
Radiation ®Co, '2Eu, %*Ge ]
' y ¥ 9/18/03, 14/7/04
a > 8% 14 137, C -1 > 3
CLnlLl'. 24.25 ?Fh, C, '"'Cs, 6.9x 10 5/12/04. 6/22/04
Laboratories Se
TOTAL 50.50 See Above 6.9 x 10! -

(1) TRIGA and Radiation Center laboratory waste is picked up by the Radiation Safety Office for transfer to its waste

processing facility for final packaging.
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Table V.C.1

Annual Summary of Personnel Radiation Doses Received . -

. Average Annual " Greatest Individual Total Person-mrem
Dose!V N IRy ‘Dose!? For the Group™
- Personncl Groun . | YVhOl® | Whote ‘ Whole
SR ‘ P. Body Extremities | : Body -{ -Extremities | - :Body - Extremities
(mrem) {mrem) . (mrem) | - (mrem) {mrem) (mrem)
.Facility Operating 16 60 106 517 379 1440
Personnel .
" Key Facility :

Research Personnel 0 <1 0 23 0 23
Ifactlmes Services 0 N/A 0 N/A 0 N/A
Maintenance Personnel ] . -
Laboratory Class <l < | B 2 a4 22
Students ‘
Campus Police and - <1 NA | 2 N/A 35 . N/A ©

Security Personnel
Visitors <1 N/A " 46 N/A 102  N/A

(15 “N/A™ indicétes that there was no extreinity momtormg 'édndi’icied or required foﬁr-lhc group. '
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Table V.D.1

Total Dose Equivalent Recorded on Area Dosimeters Located
Within the TRIGA Reactor Facility

Total Recorded
M(I";)“ or gﬂlﬁ}lﬁ;\&i:cttlg; Dose Equivalent"?
o (See Figure V.D.1) (n:ig; izf::_::;;‘
MRCTNE D104: North Badge East Wall 179 ND
MRCTSE D104: South Badge East Wall 155 ND
MRCTSW D104: South Badge West Wall 370 ND
MRCTNW D104: North Badge West Wall 140 ND
MRCTWN D104: West Badge North Wall 205 ND
MRCTEN D104: East Badge North Wall 420 ND
MRCTES D104: East Badge South Wall 838 ND
MRCTWS D104: West Badge South Wall 347 ND
MRCTTOP D104: Reactor Top Badge 400 ND
MRCTHXS D104A: South Badge HX Room 421 ND
MRCTHXW D104A: West Badge HX Room 178 ND
MRCD-302 D302: Reactor Control Room 254 ND
MRCD-302A D302A: Reactor Supervisor's Office 69 N/A
MRCBP! D104: Becam Port Number | 138 ND
MRCBP2 D104: Beam Port Number 2 173 ND
MRCBP3 D104: Becam Port Number 3 824 ND
MRCBP4 D104: Beam Port Number 4 424 ND
1) The total recorded dose equivalent values do not include natural background contribution and, reflect the

summation of the results of four quarterly beta-gamma dosimeters or four quarterly fast ncutron dosimeters
for each location. A total dose equivalent of “ND™ indicates that each of the dosimeters during the reporting
period was less than the vendor's gamma dose reporting threshold of 10 mrem or that each of the fast neutron
dosimeters was less than the vendor's threshold of 10 mrem. “N/A™ indicates that there was no neutron
monitor at that location.

2) These dose equivalent values do not represent radiation exposure through an exterior wall directly into an
unrestricted area.
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Total Dose Equivalent Recorded on Area Dosimeters
Located Within the Radiation Center

‘Table V.D.2

Total Recorded
_ Radiation Center Dose Equivalent®
Monitor Facility Location xB(y) Neutron
1.D. (See Figure V.D.1) (mrem) (mrem)
MRCA100 A100: Receptionist's Office - 10 © N/A
" MRCBRF A102H:  Front Personnel Dosimetry Storage Rack 48 NA
MRCAI120 A120: Stock Room 60 N/A
MRCA120A A120A: NAA Temporary Storage 10 N/A
MRCAI26 Al26: Radioisotope Research Lab 78 N/A
MRCCO-60 Al128: %Co Irradiator Room 232 N/A
MRCA130 A130: Shielded Exposure Room 55 N/A
MRCA132 Al32: TLD Equipment Room 48 N/A
MRCA138 Al38: Health Physics Laboratory . 44 N/A
MRCA146 Al46: Gamma Analyzer Room (Storage Cave) 16 N/A
MRCBI100 B100: Gamma Analyzer Room (Storage Cave) 63 N/A
MRCB114 Bl14: o Lab (**Ra Storage Facility) 1,566 ND
MRCBI119-1 B119: Source Storage Room 247 N/A
MRCB119-2 B119: - Source Storage Room 419 N/A
MRCBI19A BI19A:  Sealed Source Storage Room 15,053 2117
MRCBI120 ‘B120: Instrument Calibration Facility 62 N/A
MRCB122-2 B122: Radioisotope Storage Hood " 40 N/A
MRCB122-3 B122: Radioisotope Research Laboratory 66 N/A
MRCB124-1 Bl124: Radioisotope Research Lab (Hood) 33 N/A
MRCB124-2 B124: ‘Radioisotope Research Laboratory 38 N/A
MRCB124-6 BI24: ' Radioisotope Research Laboratory 53 N/A
MRCB128 .B128: Instrument Repair Shop 32. N/A
MRCCI100 C100: Radiation Center Director’s Office 11 N/A
MRCCI106A C106A: Staff Lunch Room 61 N/A
MRCCI106B C106: Solvent Storage Room 50 N/A
MRCCI106-H C106H: East Loading Dock 54 N/A
MRCC118 C118: Radiochemistry Laboratory 0 N/A
MRCCI120 Cl120: Student Counting Laboratory N/A
MRCF100 F100: APEX Facility 0 N/A

See footnotes following the table.
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Table V.D.2 (continued)

Total Dose Equivalent Recorded on Area Dosimeters
Located Within the Radiation Center

Total Recorded

Radiation Center Dose Equivalent”

Monitor Facility Location xf(y) Neutron
L.D. (Sce Figure V.D.1) (mrem) {mrem)
MRCF102 F102: APEX Control Room 23 N/A
MRCBI125N B125: Gamma Analyzer Room (Storage Cave) 188 - N/A
MRCBI125S B125: Gamma Analyzer Room 10 N/A
MRCC124 Ci24: Student Computer Laboratory 43 N/A
MRCC130-1 C130: Radioisotope Laboratory (Hood) 37 N/A
MRCD100 D100: Reactor Support Laboratory I3 N/A
MRCDI102 D102: Pneumatic Transfer Terminal Lab 250 - ND
MRCDI102-H D102l Ist Floor Corridor at D102 92 ND
MRCD106-H D106H: I'st Floor Corridor at D106 143 N/A
MRCD200 D200: Reactor Administrators’s Office 226 ND
MRCD202 D202: Senior Health Physicist’s Office 220 _ ND
MRCBRR D200H: Rear Personnel Dosimetry Storage Rack 57 N/A
MRCD204 D204 Health Physicist Office 164 ND
MRCF104 F104: ATHRL 46 ND
MRCD300 D300: 3rd Floor Conference Room 163 ND
) The total recorded dose equivalent values do not include natural background contribution and, except as

noted, reflect the summation of the results of 4 quarterly beta-gamma dosimeters or four quarterly fast neutron
dosimeters for each location. A total dose equivalent of “ND™ indicates that each of the dosimeters during
the reporting period was less than the vendor's gamma dose reporting threshold of 10 mrem or that each of
the fast neutron dosimeters was less than the vendor's threshold of 10 mrem. “N/A” indicates that there was
no neutron monitor at that location.
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 Table V.D.3

Annual Summary of Radiation Levels and Contamination Levels Observed
Within the Reactor Facility and Radiation Center During Routine Radiation Surveys

) Whole Body Contamination
‘Accessible Location Radiation Levels Levels
(See Figure V.D.1) (mrem/hr) (dpm/cm?)
. Average Maximum Average |~ Maximum
TRIGA Reactor Facility:

...Reactor Top (D104) <1 " 90 <500 ° ...<500
Reactor 2nd Deck Area (D104) 2.40 27 <500 <500
Reactor Bay SW (D104) <l 25 <500 <500
Reactor Bay NW (D104) <1 67 <500 <500
Reactor Bay NE (D104) <1 6 <500 12,321
Reactor Bay SE (D104) <1 8 <500 1,739
Class Experiments (D104, D302) N/A N/A <500 <500
Demineralizer Tank--Outside Shielding (D104A) <l 18 <500 <500
Particulate Filter--Outside Shielding (D104A) <l 22 <500 <500
Radiation Center:

NAA Counting Rooms (A146, B100) <l L75 <500 <500
Health Physics Laboratory (A138) <l <l <500 <500
®Co Irradiator Room and calibration <l 3.90 <500 <500
rooms (A128, A130, B120)
Radu&%ge;ﬁr:,h Blfszs, B124, C130, C132A) <l 8 <300 <500
Radioactive Source Storage (A120A, B119, 1.64 5.50 <500 <500
B119A)
Student Chemistry Laboratory (C118) <l <1 <500 <500
Student Counting Laboratory (C120) <1 <1 <500 <500
Operations Counting Room (B136, C123) <1 <l <500 <500
Pneumatic Transfer Laboratory (D102) <1 4.50 <500 <500
TRIGA Tube Wash Room (D100) <l 1.80 <500 <500

(1) <500 dpm/100 cm? = Less than the lower limit of detection for the portable survey instrument used.

Protection V - 19



Table V.E.1

Total Dose Equivalent at the TRIGA Reactor Facility Fence

Total Recorded

‘Total Recorded
Dose Equivalent

‘Total Calculated
Dose Equivalent
(Including Background)

Fence Dose Equivalent (Including Based on the
Environmental (Including Background) Background) Annual Average

Monitoring Based on ICN Based on OSU urem h!

Station TLDs®Y TLDs®*¥ Dose Rate™

(Sce Figure V.E.1) (mrem) (mrem) (mrem)

MRCFE-1 91+3 75+7 77 x20
MRCFE-2 86+3 70+4 6515
MRCFE-3 80+3 70x7 66+ 18
MRCFE-4 83x2 73+6 729
MRCEFE-5 88+6 63+4 67 =17
MRCFE-6 86+2 70%5 77 =17
MRCFE-7 81+3 66 * 14 66 =12
MRCFE-8 81 %3 675 65=17
MRCFE-9 916 61+9 57=15

N
€))

3

Average Corvallis area natural background using ICN TLDs totals 72 + 4 mrem for the same period.

OSU fence totals include a measured natural background contribution of 64 + 5 mrem.

+ values represent the standard deviation of the total value at the 95% confidence level.
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Table V.E.2

., Total Dose Equivalent at the Off-Site Gamma Radiation Monitoring Stations

Total Calculated
Dose Equivglcnl
‘ Total Recorded Total Recorded (Including Backgrqund)
Off-Site . Dose Equivalent- Dose Equivalent Based on the
Radiation (Including Background) | (Including Background) Annual Average
Monitoring - -Based on ICN . -Based on OSU prem/h
Station” TLDs® TLDs®® Exposure Rate®
(Sce Figure V.E.2) (mrem) (mrem) : (mrem)
MRCTE-2L 624 4912
MRCTE-3 - 88+2 689 7417,
MRCTE4 851 87+ 35 5612
MRCTE-5L . 64+8 61215
MRCTE-6 751 57+7 5011
MRCTE-7L 555 6413
MRCTE-8 911 72413 7413
MRCTE-9' 903 57+12° 6412
MRCTE-10 83+3 75+ 16 5111
MRCTE-12 91+3 699 6213
MRCTE-13L ' 65+9 62+16
MRCTE-14L 609 50213
MRCTE-15 ‘ 7542 - 62+8 50+8
MRCTE-16L 79 + 30 644
MRCTE-17 60+ 1 . 56+8 ‘ 52412
MRCTE-18L ' - 69+7 5429
MRCTE-19 ' 977 ' 684 68+ 12
" MRCTE-20L 68+ 8 6216
MRCTE-21 7022 1312 52112
4612

MRCTE-22 74+3 571+ 17

M

2
3

C))

Monitoring stations coded with an “L” contained one standard OSU TLD pack only. Stations not coded with an “L"
contained, in addition to the OSU TLD pack, one ICN TLD monitoring pack.

Average Corvallis area natural background using ICN TLDs totals 72 :+ 4 mrem for the same period.
OSU off-site totals include a measured natural background contribution of 64 + 5 mrem.

= values represent the standard deviation of the total value at the 95% confidence level.
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Table V.E.3

Annual Average Concentration of the Total Net Beta Radioactivity (Minus *H)

for Environmental Soil, Water, and Vegetation Samples

Sample .
Location Sample Annual Average Concentration Reportin
X i of the Total Net Beta (Minus *H) P . B
{Sce Figure Type Radioactivity® Units
V.E.2) adioactivity
1-W Water 5.88E-08 + 1.99E-09*? pCi mt!
4-W Water 5.87E-08 + 1.67E-09® uCi mt!
11-W Water 5.85E-08 + 7.57E-10 pCi ml!
19-RW Water 9.48E-08 + 1.43E-07% uCi ml!
3-S Soil 2.13E-05 + 1.10E-05 1Ci g"! of dry soil
5-S Soil 1.44E-05 + 1.72E-05 uCi g! of dry soil
20-S Soil 1.48E-05 + 1.02E-05 uCi g of dry soil
21-S Soil 3.57E-05 = 1.90E-05 uCi g of dry soil
2-G Grass 3.18E-04 + 1 47E-04 1Ci g of dry ash
6-G Grass 1.68E-04+ 1.54E-04 uCi g! of dry ash
7-G Grass 3.14E-04 + 3.17E-04 uCi g of dry ash
8-G Grass 2.76E-04 = 1.16E-04 uCi g'! of dry ash
9-G Grass 2.29E-04 = 2.92E-04 uCi ¢! of dry ash
10-G Grass 2.03E-04 + 1.23E-04 pCi g of dry ash
12-G Grass 3.28E-04 + 6.32E-05 uCi g'! of dry ash
13-G Grass 1.72E-04 + 2.68E-04 1Ci g of dry ash
14-G Grass 1.90-E04 + 2.28E-04 1Ci g of dry ash
15-G Grass 1.97E-04 £ 2.66E-04 uCi g of dry ash
16-G Grass 3.30E-04 = 1.ODE-04 pCi g of dry ash
17-G Grass 2.44E-04 +2.93E-04 LCi g! of dry ash
18-G Grass 2.43E-04 + 1.90E-04 1Ci ! of dry ash
22-G Grass 3.55E-04 = 1.14E-04 uCi g”! of drv ash

(1) * values represent the standard deviation of the average value at the 95% confidence level.

(2) Less than lower limit of detection value shown.
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Table V.E4

Average Beta-Gamma LLD Concentration and Range of LLD Values for
Soil, Water, and Vegetation Samples

Sample | ‘Average . Range of Reporting
Type- | LLD Value ~ LLD Values _ Units
Soil 7.64E-06 4.57E-06 10 1.31E-05 pCi g of dry soil
Water 6.90E-08 5.79E-08 ro 2.04E-07 pCi nﬁ“
Vegetation 3.01E-05 6.91E-06 to 6.44E-05 pCi g! 6f dry ash
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Table V.F.1

Annual Summary of Radioactive Material Shipments Originating

From the TRIGA Reactor Facility's NRC License R-106

Number of Shipments

f
I
R

Total i
Shipped To " Activity Limited ’ '
. (TBq) Imited | yellow; Yellow
‘ Quantity II ° I |Total
Berkeley Geochronology Center !
Berkeley, CA USA  THE-06 7 2 : 0 9
Cal State Fullerton | : ' '
Fullerton, CA USA L 1.08E-06 2 0 l 0 } 2
California Institute of Technology l
Pasadena, CA USA 4.61E-06 1 0 0 I
Columbia University ! | i
Palisades, NY USA : +48E-06 0 ~ 0 4
Idaho State University : ‘ :
Pocatello, ID USA 242E-04 0 14 | 0 14
Oregon State University :
Corvallis, OR USA i 4.12E-05 0 4 00 4
Oregon State University Oceanography Department : : ‘
Corvallis, OR USA 5.91E-06 0 1 J 0 !
Plattsburgh State University ' ' !
Plattsburgh, NY USA 1.86E-06 2 0 0 2
Rutgers |
C !
Piscataway, NJ USA 9.56E-07 2 o . 0 2
Stanford University i ,
Stanford, CA USA , T-29E06 4 0 0 4
Syracuse University !
Syracuse, NY USA 5.34E-07 1 0 0 1
Theragenics Corporation
Buford, GA USA 1.82E-04 0 2 0 2
TruTec Services
1.20E-01 0 0 10 10
i
Union College |
Schenectady, NY USA 1.42E-06 2 0 0 2
University of California at Berkeley
Berkeley, CA USA 1.04E-05 3 ! 0 4

Protection V - 24

] AE— — ] L) I MEE— —— —— — —— ——— ——— — —— —— —— —— ——
L L ; L I b .



Table V.F.1 (continued)

Annual Summary of Radioactive Material Shipments Originating
From the TRIGA Reactor Facility's NRC License R-106

Total Number of Shipments
Shipped To Activity - - .
PP (TBq) lelte.d Yellow|Yellow
Quantity| 11 | III |Total
University of California at Santa Barbara '
Santa Barbara, CA USA 1.76E-06 3 0 0 3
University of Florida
Gainesville, FL. USA 4.32E-05 1 1 0 2
University of Geneva
Geneva, SWITZERLAND 8.81E-07 1 0 0 1
University of Michigan
Ann Arbor, MI USA 1.96E-04 1 29 0 30
University of Southern California
Los Angeles, CA USA 5.64E-07 1 0 0 1
University of Washington
Seattle, WA USA 2.82E-06 3 0 0 3
University of Wisconsin-Madison
Madison, WI USA 6.64E-05 5 3 0 8
Totals 1.21E-01 43 57 |10 | 110
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Table V.F.2

Annual Summary of Radioactive Material Shipments Originating
From the Radiation Center's State of Oregon License ORE 90005

! |
1

' Total | ._-_____T_E_u_'?}'_’?zg!“__S_'_*_'_l?_.'_"em
| .
Shipped To Activity ! ;
bl (TBq) | LSA-1 ' Limited | White Yellow
| Quantltyi l Total
California Institute of | | ; :
Technology ; ; , ; ;
6.28E-07 ' 0 ! ] ! 0 0 co
Pasadena, CA USA : ' ! |
i !
Lawrence Berkeley National ! ’
Laboratory i
\ 1.85E-00 0 4 0 1 5
Berkeley, CA USA
— i‘ _
Michigan State University I
| 1.85E-06 0 0 0 i i
East Lansing, MI
Oregon State University i | |
2.78E-06 l 0 0 0 1 1
Corvallis, OR USA 5
Yale University I
1.53E-09 0 1 0 0 1
New Haven, CT USA g
Totals 7.11E-06 0 6 0 3 9
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Table V.IF.3

Annual Summary of Radioactive Material Shipments Exported
Under NRC General License 10 CFR 110.23

7 .
Total Number of Shipments
Shipped To Activity . .
PP (TBq) Limited |yellow|Yellow
Quantity | 11 | III |Total

Freiburg University -

Zurich, Switzerland | 5.07E-07 1 0 0 1
.Polish Academy of Sciences

- Krakow, POLAND 2.83E-09 1 0 0 1
Ruhr—Umversxtat Bochum ’ ’

;-Bochum GERMANY »l.82E-06 ¢ 0 . 1 .0 1
*- Scottish Umvcrsmes Research and Reactor Centre ¢ ) . . » o
" East Kilbride, ‘SCOTLAND 1.11E-06 I 0 0 1
Universita' Degli Studi di Bologha ‘ , K .o 3

-, Bologna, ITALY = 4 2.18E-06 4 Y 0 - 4
,Universitat Gottingen c ‘ )

Gottingen Germany '5:76E'08 1 0 _ 0 1
. Universitat Potsdam o :

" Postdam, GERMANY 2.10E-08 .; 1 0 0 1
UmvcrsxtatTubmgcn o o :

 Tubingen, GERMANY . 6.95E-10 3 0| 0 3
Umversxty of Manchester o ‘

" Manchester, UK e .1_'785‘06 _2 ‘ 0 '_,0 2
Vrije Universitéit. s n ' Y :
Amsterdam, THE NETHERLANDS 9.85E-07 1] 010 1

* Totals e |- 847806 | -150 |71 | 0 | 16
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Figure V. D. 1
Monitoring Stations for the OSU TRIGA Reactor
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Part VI
WORK

Summary

The Radlatlon Centeroffersa w1de vanety of resources for teachmg, research and servicerelated
to radlatlon and radioactive matenals Some of these are discussed in detail in other partsofthis
report.. The purpose of this part is to summarize the teaching, research, and service efforts carried
out during the current reporting penod

Teaching

Animportant responsibility of the Radiation Center and the reactor is to support OSU's academic
programs. Implementation of this support occurs through direct involvement of the Center's staff
and facilities in the teaching programs of various departments and through partxcxpatlon in University
research programs. Tables III.A.1 and IILD.1 plus Section VI.C.5 prov1de more detailed
information on the use of the Radiation Center and reactor for instruction and training.

. Research and Service

Almost all Radiation Center research and service work is tracked by meansofa project database.

When arequest for facility use is received, a project number is assigned and the project isadded

to the database. The database includes such information as the project number data about the
personand institution requesting the work, information about students involved, a descriptionof
the project, Radiation Center resources needed, the Radiation Center project manager, status of
individual runs, billing information, and the funding source. A N

Table VI.C.1 provides a summary of mstxtutlons which used the Radiation Center during this
reporting perlod ThlS table also mcludes addmonal mformatlon about the number of academic

organization. Detaﬂs on graduate student research whlch used the Radlatlon Center are givenin

~ Table VI.C.2.

The major table in this sectionis 'f‘aijle VI. C 3 ‘!This table pfovides a ﬁsting ofthe research and

.service projects carried out during this reporting period and lists information relating to the

personnel and institution involved, the type of project, and the fundmg agency. PrOJects whichused
the reactor are indicated by an asterisk. Inaddition to identifying specific projects carried out
during the current reporting period, Part VI also highlights major Radiation Center capabilities in
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research and service. These unique Center functions are described in Sections VI.C.1 through
VI.C.8.

r

Neutron Activation Analysis

Neutron activation analysis (NAA) stands at the forefront of techniques for the quantitative
multi-element analysis of major, minor, trace, and rare elements. The principle involved
in NAA consists of first irradiating a sample with neutrons in a nuclearreactor suchas the
OSTR to produce specificradionuclides. Aftertheirradiation, the characteristic gamma
rays emitted by the decaying radionuclides are quantitatively measured by suitable
semiconductor radiation detectors, and the gamma rays detected at a particular energy are
usually indicative of a specific radionuclide's presence. Computerized data reduction of
the gammaray spectra then yields the concentrations of the various elements in samples
being studied. With sequential instrumental NAA it is possible to measure quantitatively
about 35 elements in small samples (5 to 100 mg), and for activable elements the lower
limit of detection is on the order of parts per million or parts per billion, depending on the
element.

The Radiation Center's NAA laboratory has analyzed the major, minor, and trace element
content of tens of thousands of samples covering essentially the complete spectrum of
material types and involving virtually every scientific and technical field.

While some researchers perform their own sample counting on their own or on Radiation
Center equipment, the Radiation Center provides a complete NAA service for researchers
and others who mayrequire it. This includes sample preparation, sequential irradiation and
counting, and data reduction and analysis.

DataonNAA researchand service performed during this reporting period are included
in Table VI.C.3.

Forensic Studies

Neutron activation analysis can also be advantageously used in criminal investigations. The
principle underlying such application usually involves matching trace element profiles in
objects or substances by NAA. This in turn can help identify materials or products (e.g.,
identify the manufacturer of a given object), and in some cases can match bullets and other
materials recovered froma victim to similar materials obtained from suspects. Materials
whichhave been analyzed by the Radiation Center for forensic purposes include bullets,
metals, paint, fuses, coats, glass, meat, and salts.

Forensic studies performed in this reporting period are included in the listings in Tables
VI.C.1 and VI.C.3.

Work VI - 2

[} [

S

+

[} ]

[}
— Y E—— I T

[}



[

Irradiations

Asdescribed throughout this report, amajor capability of the Radiation Center involves
the irradiation of a large variety of substances with gamma rays and neutrons. Detailed
data on these irradiations and their use during this reporting period are included in Part ITI
as well as in Section C of this part.

- Radiological Emergency Response Services

The Radiation Center has an emergencyresponse teamcapable of responding to all types
ofradiological accidents. This teamdirectly supports the City of Corvallis and Benton

- County emergency response organizations and medical facilities. The team can also

provide assistance at the scene of any radiological incident anywhere in the state of Oregon
on behalf of the Oregon Radiation Protection Services and the Oregon Department of
Energy.

The Radiation Center maintains dedicated stocks of radiological emergency response
equipment and instrumentation. ‘These items are located at the Radiation Center and at the

* Good Samaritan Hospital.

During the current reporting period, the Radiation Center emergency response team
conducted several training sessions and exercises, but was not required to respond to any
actual incidents. *

" Training and Instruction

1

" In addition to the academic laboratory classes and courses diséusséd in Parts II1.A.2,

II1.D, and VI1.B, and in addition to the routine training needed to meet the requirements of
the OSTR Emergency Response Plan, Physical Security Plan, and operator requalification
program, the Radiation Center is also used for special training programs. Radiation Center
staff are well experienced in conducting these special programs and regularly offer training
1in areas such as research reactor operations, research reactor management, research
reactor radiation protection, radiological emergency response, reactor behavior (for
nuclear power plant operators), neutron activation analysis, nuclear chemistry, and nuclear
safety analysis. T el ~

‘Special training programs generally fall into one of several categories: visiting faculty and
‘research scientists; International Atomic Energy Agency fellows; special short-term

' courses;orindividual reactor operator or health physics training programs. During this

‘ reporting period there were a large number of such people as shown in Part I1.B.
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As has been the practice since 1985, Radiation Center personnel annually present a
HAZMAT Response Team Radiological Course. This year the course was held at the
Oregon State University Radiation Center.

Radiation Protection Services

The primary purpose of the radiation protection program at the Radiation Center is to
support the instruction and research conducted at the Center. However, due to the high
quality of the programand the level of expertise and equipment available, the Radiation
Centeris also able to provide health physics services in support of OSU Radiation Safety
and to assist other state and federal agencies. The Radiation Center does not compete
with private industry, but supplies health physics services which are not readily available
elsewhere. In the case of support provided to state agencies, this definitely helps to
optimize the utilization of state resources.

The Radiation Center is capable of providing health physics services in any of the areas
which are discussed in Part V. These include personnel monitoring, radiation surveys,
sealed source leak testing, packaging and shipment of radioactive materials, calibration and
repair of radiation monitoring instruments (discussed in detail in Section VI.C.7),
radioactive waste disposal, radioactive materialhood flow surveys, and radiation safety
analysis and audits.

The Radiation Center also provides services and technical support as a radiation
laboratory to the State of Oregon Radiation Protection Services (RPS) inthe event ofa
radiologicalemergency within the state of Oregon. Inthis role, the Radiation Center will
provide gamma ray spectrometric analysis of water, soil, milk, food products, vegetation,
and air samples collected by RPS radiological response field teams. As part of the
ongoing preparation for this emergency support, the Radiation Center participates in inter-
institution drills.

Radiological Instrument Repair and Calibration

While repair of nuclear instrumentation is a practical necessity, routine calibration of these
instruments is a licensing and regulatory requirement which must be met. Asaresult, the
Radiation Center operates aradiation instrument repair and calibration facility which can
accommodate a wide variety of equipment.

The Center's scientific instrument repair facility performs maintenance and repairon all
types of radiation detectors and other nuclear instrumentation. Since the Radiation
Center's own programs regularly utilize a wide range of nuclear instruments, components
for most common repairs are often on hand and repair time is therefore minimized.
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In addition to the instrument repair capability, the Radiation Center has a facility for
calibrating essentially all types of radiation monitoring instruments. This includes typical
portable monitoring instrumentation for the detection and measurement of alpha, beta,
gamma, and neutron radiation, as well as instruments designed for low-level environmental
monitoring. Higher range instruments for use in radiation accident situations canalso be
calibrated in most cases. Instrument calibrations are performed using radiation sources
certified by the National Instltute of Standards and Technology (NIST) or traceable to
NIST

Table VI.C.4 is a summary of the instruments which were calibrated in support of the

E Radiation Center's instructional and research programs and the OSTR Emergency Plan,

while Table VI.C.5 shows instruments calibrated for other OSU departments and
non-OSU agencies.

Consultation

Radiation Center staff are available to provide consultation services in any of the areas
discussed in this Annual Report, but in particular on the subjects of research reactor
operations and use, radiation protection, neutron activation analysis, radiation shielding,
radiological emergency response, and radiotracer methods.

Records are not normally kept of such consu]tatlons, as they often take the form of
telephone conversations withresearchers encountering problems or planmng the de51gn of
experiments. Many faculty members housed in the Radiation Center have ongoing
professional consulting functions with various organizations, in addition to sitting on
numerous committees in advisory capacities. ' '

Public Relations

The continued interest of the general public in the OSTR is evident by the number of
people who have toured the facility. gwen during this reportmg period. SeeTable VLF.1
for statistics on scheduled visitors.

i
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Table VI.C.1

Institutions and Agencies Which Utilized the Radiation Center

Number of Number of Number of
I Number of Uses of
Institution Projects® Faculty Students Center
] Involved Involved e
Facilities
*QOregon State University" @
Corvallis, OR_USA 25 23 6 32
*Oregon State University - Educational Tours
Corvallis, OR_USA 15 13 0 27
AVI Bio Pharma
5
Corvallis, OR_USA 2 0 0 42
*Crescent Valley High School 5 1 0 2
Corvallis, OR USA
*Evanite Fiber Corporation 1 0 0 1
Corvallis, OR USA
*Linn Benton Community College 1 0 0 )
Albany, OR USA
*Central Oregon Community College I 1 0 1
Bend, OR USA
* Falls City High School " 2 0 6
Falls City, OR USA -
*Nunhems USA, Inc.
Brooks, OR USA ! ! 0 16
*Philomath High School ] 0 0 i
Philomath, OR USA
Providence St. Vincent Hospital ) 0 0 1
Portland, OR_USA
*Thurston High School 1 ) 0 1
Springfield, OR USA
*Idaho State University
2 2 0
Pocatello, ID USA ?
*University of Washington 1 1 0 3
Seattle, WA USA
*Berkeley Geochronology Center 1 0 4 12
Berkeley, CA USA
*California Institute of Technology ) 1 0 17
Pasadena, CA USA
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Table VI.C.1 (continued)

Institutions and Agencies Which Utilized the Radiation Center

Number of Number of Number of
. Number of Uses of
Institution Projects® Faculty Students Center
] Involved Involved e
Facilities
*California State University at Fullerton " 5 2 3
Fullerton, CA USA - :
M.K. Gems and Minerals ] 0 0 )
Cerritos, CA USA
*Stanford University
; 0
Stanford, CA USA 2 2 3
*Tru-Tee
Merced, CA USA ! 0 0 2
* University of California at Berkeley 3 3 : 4
Berkeley, CA USA
*University of California at Santa Barbara a2 3 s 3
Santa Barbara, CA USA
*University of Southern California ) ) 0 1
Los Angeles, CA USA
*University of Wyoming 1 \ 0 )
Laramie, WY USA
*Geovic, Ld.
' : 0 0 2
Grand Junction, CO_USA ! - .
*University of Houston L
Houston, TX USA 2 2 2 , 2
*University of Wisconsin
Madison, WI USA 2 2 3 14
*University of Michigan ,
. 0 31
Ann Arbor, MI_USA 3 3
*Theragenics Corporation I 0 0 .2
Buford, GA USA
*Columbia University
2 0] 4
Palisades, NY USA 2
*George Washing University 1 1 0 q
Washington, DC USA ’
*North Carolina State University 2 1 0 1
Raleigh, NC USA
*Plattsburgh State University 2 2 0 »
Plattsburg, NY USA
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Table VI.C.1 (continued)

Institutions and Agencies Which Utilized the Radiation Center

Number of Number of Number of
e e Number of Uses of
Institution . Faculty Students
Projects® Center
Involved Involved A
Facilities
*Syracuse University n " 3 2
Syracuse, NY USA - -
*Union College
2 2 0 2
Schenectady, NY USA
*Rutgers
3 3 2 3
Piscataway, NJ USA
Arch Chemicals Inc. 1 1 0 5
Cheshire, CT USA
*University of Florida 1 1 0 2
Gainesville, FL. USA
Vectron Intemational Norwalk Inc. 1 0 0 5
Norwalk, CT USA
*University of Manchester 1 . 1 3
Manchester, UK
*Universite Paris-Sud 1 1 0 1
Paris, FRANCE
*Vrije Universiteit 1 1 4 3
Amsterdam, THE NETHERLANDS
*Albert-Ludwigs-Universitaet 1 0 1 1
Freiburg, GERMANY
*Polish Academy of Sciences 1 0 0 1
Krakow, POLAND
*Ruhr-Universitat Bochum 2 2 0 1
Bochum, GERMANY
*Universita’ Degli Studi di Bologna | 2 0 1
Bologna, ITALY
*Universita’ di Bologna 1 1 0 3
Bologna, ITALY
*Unversitat Potsdam 1 0 0 1
Potsdam, GERMANY
*University of Geneva 1 1 0 1
Geneva, SWITZERLAND
*University of Goettingen 1 1 3 4
Gottingen, GERMANY
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Table VI.C.1 (continued)

Institutions and Agenc‘ics'Which Utilized the Radiation Center

5 Number of Number of _ lﬁumber of
o Number of Uses of
Institution . Faculty Students
Projects® Center
Involved Involved e

Facilitics

*University of Tuebingen 1 1 0 5

Tuebingen, GERMANY
*University of Queensland ) 1 0 2
Brisbane, Queensland AUSTRALIA
Total 113 92 39 325

* Project which involves the OSTR

(1) Use by Oregon State University does not include any teaching activities or classes accommodated by the Radiation Center.

(2) This number does not include ongoing projects being performed by residents of the Radiation Center such as the APEX project,
others in the Department of Nuclear Engineering or Department of Chemistry, or projects conducted by Dr. W, D. Loveland,

which involve daily use of Radiation Center facilities.

(3) This does not include projects pertaining to instrument calibrations.
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Table VI.C.2

Graduate Student Research Which Utilized the Radiation Center

Student's Name Degree ,xcadehic Department Faculty Advisor Project Thesis Topic
Albert-Ludwigs-Universitaet
Link, PhD Mineralogy Rahn 1595 Fission track dating of Mid-
Katharina European Rhine graben shoulder
uplift
Berkeley Geochronology Center
Culler, PhD Earth and Planetary Alvarez 920 Lunar Impact History from
Timothy Science Analysis of Impact Melt Spherules
Knight, MA Earth and Planetary Renne 920 Geochemical and Isotopic Insights
Kimberly Science into Continental Flood Basalts
Kyoungwon, MA Earth and Planetary Renne 920 Reduction of Systematic Errors in
Min Science 40Ar/39Ar Geochronology
Zhou, MA Earth and Planetary Renne 920 Rates and Tempo of Permian-
Zhensheng Science Triassic Boundary Events,
California State University at Fullerton
Irwin, MS Geological Sciences Armstrong 1625  Uplift of the Puente Hills using
Christine fission track data
Oregon State University
Ashbaker, MS Nuclear Engineering and Reese 1702 Determination of neutron flux and
Eric Radiation Health Physics spectrum in various OSTR
irradiation facilities
Huang, PhD Chemistry Loveland 1598
Zhongliang
Sinton, PhD Oceanography Duncan 444 Age and Composition of Two
Christopher Large Igneous Provinces: The
North Atlantic Volcanic Rifted
Margin and the Caribbean Plateau
Rutgers
Mollel, PhD Geological Sciences Turrin 1707  Statigraphy and Chronolgy of the
Godwin Plio-Plaeistocene Ngorongoro
Volcanic Highland
Work VI - 10
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Table VI.C.2

(continued)

Graduate Student Research Which Utilized the Radiation Center

Student's Name " Degree  Academic Department - Faculty Advisor Project .. Thesis Topic

Young, PhD UCLA Geology Turrin 1423 Petrology and geochemical

Amy evolution of the Damavand
trachyandesite volcano in northern
Iran.

Scottish Universities Research and Reactor Centre

Barry, PhD Leicester University Pringle 1073  Mongolian Basalts/Tectonics

T.

Blecher, PhD Oxford University Pringle 1073 Aden Volcanic Differentiation

1.

Carn, PhD Cambridge University Pringle 1073  Indonesian Volcanics

S.

Chambers, PhD Edinburgh University Pringle 1073  North Atlantic Tertiary Province

L.

Dixon, PhD Bristol University Pringle 1073  Subglacial Volcanics

H.

Harford, PhD Bristol University Pringle 1073 Montserrat Volcanic Hazards

C.

Heath, PhD Lancaster University Pringle 1073 St. Vincent leéand Hazards

E. :

May, PhD Aberdeen University Pringle 1073 Chilean Basins

G. , c, .

McElderry, PhD Liverpool University Pringle 1073 Chilean Tertiary Faulting

S.

Najman, PhD Edinburgh University Pringle 1073  Himalayan Foredeep

Y.

Purvis, PhD Edinburgh' University Pringle 1073 Turkish Basin Tectonics

M. ‘
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Table VI.C.2 (continued)

Graduate Student Research Which Utilized the Radiation Center

Student's Name Degree  Academic Department Faculty Advisor Project Thesis Topic

Shelton, PhD Queens University Pringle 1073 North Channel Basin Evolution

R.

Sowerbutts, PhD Edinburgh University Pringle 1073  Sardinia Evolution

A.

Steele, PhD Aberdeen University Pringle 1073  Cerro Rico Silver

G.

White, PhD Leicester University Pringle 1073  Caribean Crustal Growth

R.

Syracuse University

Kline, MS Earth Sciences Fitzgerald 1555  Uplift of the Transantarctic

Simon Mountains in the Reedy Glacier
area

Monteleone, PhD Earth Sciences Fitzgerald 1555  Papua New Guinea Woodlark

Brian Basin Project

Schwabe, PhD Earth Sciences Fitzgerald 1555 Exhumation in the western

Erika Pyrenees

University of California at Berkeley

Herbison, PhD  Department of Chemistry Nitsche 1468

Sarah

University of California at Santa Barbara

Calvert, PhD Geological Sciences Gans 1020  Tectonic Studies in Eastern-Most

Andy Russia

Nauert, MS Geological Sciences Gans 1020  Volcanism in the Eldorado

Jon Mountains, Southern Nevada

University of Goettingen

Angelmaier, PhD  Institut fur Geologie und Dunkl 1519  Exhumation path of different

Petra Palaotologie tectonic blocks along the central
part of the Transalp-Traverse
(Eastern Alps).
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Table VI1.C.2

(continued)

Graduate Student Research Which Utilized the Radiation Center

Student’s Name Degrec ~"Academic Department ~  Faculty Advisor Project "Thesis Topic

Most, PhD  Institut fur Geologie und Dunkl 1519  Mesozoic and Tertiary

Thomas Palaontologie Tectonometamorphic Evolution of
Pelagonian Massif

Schwab, PhD  Institut fur Geologie und Dunkl 1519  Thermochronology and Structural

Martina - Palaontologie Evolution of Pamir Mts.

University of Manchester

Flude, PhD Earth Sciences Burgess 1592  Rhyolite volcanism in Iceland:

Stephanie timing and timescales of eruption

University of Wisconsin

Barquero-Molina, PhD Geology and Geophysics Singer 1612

Miriam

Harper, MS Geology and Geophysics Singer 1612

Melissa o '

Jicha, MS Geology and Singer 1465

Brian Geosciences

Jicha, MS Geology and Geophysics Singer 1612

Brian

Relle, MS Geology and Geophysics Singer 1465

Monica

Vrije Universiteit o

Beintema, | PhD Departmcrit 6_f Structural B WhitelWijbrans 1074  The Kinematics and Evolution

Kike Geology Major Structural Units of the
Archean Pilbara Craton, Westemn
Australia

Carrapa, MA Isotope Geochemistry - * “‘Wijbrans/Bertotti - 1074  The tectonic record of detrital

Barbara 5 ' minerals on sun-orogenics clastic
sediments

Kuiper, PhD - Isotope Geochemistry Hilgen/Wijbrans 1074  Intercalibration of astronomical

Klaudia and radioisotopic timescales
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Table VI.C.3

Listing of Major Research and Service Projects Performed or In Progress

at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title ‘ Description Fﬁnding
444 Duncan Oregon State Ar-40/Ar-39 Dating of Production of Ar-39 from K- OSsuU
University Oceanographic Samples 39 to measure radiometric Oceanography
ages on basaltic rocks from Department
ocean basins.
481 Le Oregon Health Instrument Calibration Instrument calibration. Oregon Health
Sciences University Sciences
University
488 Farmer Oregon State Instrument Calibration Instrument calibration. OSU Radiation
University Center
519 Martin US Environmental Instrument Calibration Instrument calibration. USEPA-Corvallis
Protection Agency
547 Boese US Environmental Survey Instrument Instrument calibration. USEPA,
Protection Agency Calibration Cincinnati, OH
664 Reese Oregon State Good Samaritan Hospital ~ Instrument calibration. OSU Radiation
University Instrument Calibration Center
815 Morrell Oregon State Sterilization of Wood Sterilization of wood OSU Forest
University Samples samples to 2.5 Mrads in Co- Products
60 irradiator for fungal
evaluations.
920 Becker Berkeley Ar-39/Ar-40 Age Dating  Production of Ar-39 from K- Berkeley
Geochronology 39 to determine ages in Geochronology
Center various anthropologic and Center
geologic materials.
930 McWilliams Stanford University Ar-40/Ar-39 Dating of Irradiation of mineral grain Stanford -
Geological Samples samples for specified times University
to allow Ar-40/Ar-39 dating. Geological &
Environmental
Sci
932 Dumitru Stanford University Fission Track Dating Thermal column irradiation Stanford
. of geological samples for University
fission track age-dating. Geology
Department

INAA = Instrumental Neutron Activation Analysis

REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress
at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title Description Funding
1018 Gashwiler Occupational Calibration of Nuclear Instrument calibration. Occupational
Health Lab Instruments : Health Laboratory
1020 Gans University of Tectonic Studies in Eastern- Irradiation for Ar-40/Ar-39  National Science
California at Santa Most Russia dating using the CLICIT or Foundation
Barbara - dummy fuel element.
1072 Markos Army Corps of Instrument Calibration Instrument calibration. U.S. Army
- Engineers Engineer District,
' Portland.
1073 Pringle Scottish Argon 40/39 Dating of Age dating of various Scottish
 Universities Rock Minerals materials using the Ar-40/Ar- Universities
" Research and 39 ratio method. Research and
Reactor Centre Reactor Centre
1074 Wijbrans . Vrije Universiteit 40Ar-39 Ar Dating of 40Ar-39Ar dating of rocks Vrije
’ Rocks and Minerals and minerals. Universiteit,
. Amsterdam
1075 Teaching and Tours University of Activation Ar.ialysis Irradiation of small, stainless University of

California at Experiment for NE Class  steel discs foruse ina California at
Berkeley nuclear engineering radiation Berkeley
measurements laboratory.
1118 Larson Oregon State Primary Phytoplankton Evaluation of the primary US Geological
University Production Studies at production of phytoplankton Survey
Crater Lake . in Crater Lake and lakes in
' Mount Rainier, Olympic, and
North Cascades National
Parks.
1188 Salinas Rogue Community  Photoplankton Growthin  C-14 liquid scintillation Rogue
~ College Southern Oregon Lakes  counting of radiotracers Community
produced in a photoplankton College

study of southern Oregon
lakes: Miller Lake, Lake of
the Woods, Diamond Lake,
and Waldo Lake.

INAA = Instrumental Neutron Activation Analysis

REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress
at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title Description Funding
1191 Vasconcelos University of Ar-39/Ar-40 Age Dating  Production of Ar-39 from K-  Earth Sciences,
Queensland 39 to determine ages in University of
various anthropologic and Queensland
geologic materials.
1267 Hemming Columbia Geochronology by Ar/Ar ~ Snake River plain sanidine Columbia
University Methods phenocrysts to evaluate University
volcanic stratigraphy;
sandine and biotite
phenocrysts from a late
Miocene ash, Mallorca to
more accurately constrain
stratigraphic horizon;
hornblends and feldspar from
the Amazon to assess
climatic changes and
differences in Amazon
drainage basin provenance.
1354 Wright Radiation Radiological Instrument  Instrument calibration. State of Oregon
Protection Services Calibration Radiation
Protection
Services
1366 Quidelleur Universite Paris- Ar-Ar Geochronology Determination of geological ~ Universite Paris-
Sud samples via Ar-Ar Sud
radiometric dating.
1397 Teach Providence St. Sterilization of various Sterilization of various Oregon Medical
Vincent Hospital biological materials biological materials for St. Laser Institute
Vincents Hospital, Portland
1406 Pate Tracerco Production of Argon-41 Production of Argon-41 for Tracerco
various field uses
1415 McGinness ESCO Corporation ~ Calibration of Instruments  Instrument calibration ESCO
Corporation
1423 Turrin Rutgers 40Ar/39Ar Analysis Petrology and geochemical Department of
evolution of the Damavand Geological
trachyandesite volcano in Sciences

Northern Iran.

INAA = Instrumental Neutron Activation Analysis
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress
at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title Description Funding
1430 Bottomley Oregon State Atrazine Remediationina  Characterization of fate of Osu
University - Wetland Environment atrazine in wetland Microbiology
mesocoms and a constructed Department
wetland; investigation of
presence of atrazine
degrading microorganisms in
rhizosphere soil.
1431 Patterson "AVI Bio Pharma Instrument Calibrations ~ Instrument calibration AVI Bio Pharma
1464 Slavens USDOE Albany Instrument Calibration Instrument calibration. USDOE Albany
Research Center Research Center
1465 : Singer University of Ar-40/Ar-39 Datiﬁg of Irradiation of geological University of
Wisconsin Young Geologic Materials  materials such as volcanic Wisconsin
rocks from sea floor, etc. for
Ar-40/Ar-39 dating.
1467 Kirner Kirner Consulting, Instrument Calibration Instrument calibration. Kimer Consulting
Inc ‘ Co :
1468 Nitsche University of Chemistry 146 Experiment  Sample irradiations for University of
California at Chemistry 146 class California at
Berkeley : " Berkeley
1470 Bolken SIGA Instrument Calibration  Instrument calibration. Siga
Technologies, Inc. Pharmaceuticals
1479 Paul Oregon State Biological Toxin Sensor ~ Multidisciplinary OSU Industrial &
University development of a biological Manufacturing
toxin sensor using Engineering

arethrophore cells for the ~ -
Defense Advanced Research
Projects Agency.

INAA = Instrumental Neutron Activation Analysis

" REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress
at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title Description Funding
1489 Roden-Tice Plattsburgh State Thermochronologic The integration of apatite Plattsburgh State
University evidence linking fission-track ages and track University
Adirondack and New length based model thermal
England regions histories, zircon fission-track
Connecticut Valley Regions ages, and U-Th/He analyses
to better define the pattern of
regional post-Early
Cretaceous differential
unroofing in northeastern
New York's Adirondack
region and adjacent western
New England.
1492 Stiger Federal Aviation Instrument Calibration Instrument calibration Federal Aviation
Administration Administration
1502 Teaching and Tours Portland Portland Community OSTR tour and half-life USDOE Reactor
Community College College Tours/Experiments experiment. Sharing
1503 Teaching and Tours Non-Educational Non-Educational Tours ~ Tours for guests, university OSU Radiation
Tours functions, student Center
recruitment.
1504 Teaching and Tours Oregon State OSU Nuclear Engineering  OSTR tour and reactor lab. USDOE Reactor
University - & Radiation Health Sharing
Educational Tours Physics Department
1505 Teaching and Tours Oregon State OSU Chemistry Department OSTR tour and half-life USDOE Reactor
University - experiment, Sharing
Educational Tours
1506 Teaching and Tours Oregon State OSU Geosciences OSTR tour. USDOE Reactor
University - Department Sharing
Educational Tours
1507 Teaching and Tours Oregon State OSU Physics Department  OSTR tour. USDOE Reactor
University - Sharing
Educational Tours
1508 Teaching and Tours Oregon State Adventures in Learning OSTR tour. USDOQE Reactor
University - Class Sharing
Educational Tours

INAA = Instrumental Neutron Activation Analysis

REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress
at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title " Description " Funding
1509 Teaching and Tours Oregon State HAZMAT course tours First responder training tours. Oregon Office of
University - Energy
Educational Tours
1510 Teaching and Tours Oregon State Science and Mathematics  OSTR tour and half-life USDOE Reactor
University - Investigative Learning experiment. Sharing
Educational Tours Experience
1511 Teaching and Tours Oregon State Reactor Staff Use Reactor operation required OSU Radiation
University - for conduct of operations Center
Educational Tours testing, operator training,
calibration runs,
encapsulation tests and other.
1512 Teaching and Tours Linn Benton Linn Benton Community ~ OSTR tour and half-life USDOE Reactor
Community College College Tours/Experiments  experiment. Sharing
1514 Sobel Universitat Apatite Fission Track Age determination of Universitat
Potsdam Analysis apatites by fission track Potsdam
analysis.
1519 Dunkl University of - Fission Track Analysis of  Fission track dating method University of
Goettingen Apatites on apatites: use of fission Tuebingen
tracks from decay of U-238
and U-235 to determine the
cooling age of apatites.
1520 Teaching and Tours  Western Oregoﬁ Western Oregon University OSTR tour and half-life USDOE Reactor
University experiment. Sharing
1522 Control Room Oregon State General Reactor Operation  Reactor operation when no OSU Radiation
University ' other project is involved. Center
1523 Zattin Universita' Degli Fission track analysis of  Fission track analysis of Universita' Degli
Studi di Bologna apatites apatites. Studi di Bologna
1524 Thomson Ruhr-Universitat Fission track analysis of  Fission track analysis of Ruhr-Universitat
Bochum . apatites and zircon apatites and zircon. Bochum
1525 Teaching and Tours  Life Gate High Life Gate High School OSTR tour and half-life USDOE Reactor
School experiment. Sharing

INAA = Instrumental Neutron Activation Analysis

REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress
at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title Description Funding .
1526 Crawford Hot Cell Services Instrument calibration Instrument calibration. Hot Cell Services
1527 Teaching and Tours Oregon State Odyssey Orientation Class OSTR tour. USDOE Reactor

University - Sharing
Educational Tours
1528 Teaching and Tours Oregon State Upward Bound OSTR tour. USDOE Reactor
University - Sharing
Educational Tours
1529 Teaching and Tours Oregon State OSU Connect OSTR tour. USDOE Reactor
University - Sharing
Educational Tours
1530 Teaching and Tours  Newport School Newport School District  OSTR tour. USDOE Reactor
District Sharing
1531 Teaching and Tours  Central Oregon Central Oregon OSTR tour. USDOE Reactor
Community College Community College Sharing
Engineering
1535 Teaching and Tours  Corvallis School Corvallis School District ~ OSTR tour. USDOE Reactor
District Sharing
1536 Nuclear Oregon State Gamma Irradiations for Irradiation of samples for OSU Radiation
Engineering Faculty University NE/RHP 114/115/116 Introduction to Nuclear Center
Engineering and Radiation
Health Physics courses
NE/RHP 114/115/116.
1537 Teaching and Tours Oregon State Naval Science Department  OSTR tour. USDOE Reactor
University - Sharing
Educational Tours
1538 Teaching and Tours Oregon State OSU Speech Department  OSTR tour. USDOE Reactor
University - Sharing
Educational Tours
1539 Most Universitat Fission track studies Age dating by the fission Universitat
Tubingen track method. Tubingen

INAA = Instrumental Neutron Activation Analysis

REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress
at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title Description Funding
1540 . Teaching and Tours McKay High McKay High Schoo! OSTR tour and half-life USDOE Reactor
: School : . experiment. Sharing
1542 Teaching and Tours Oregon State Engineering Sciences OSTR tour. USDOE Reactor
- University - Classes Sharing
Educational Tours
1543 Bailey Veterinary Instrument Calibration Instrument calibration. Veterinary
' Diagnostic Diagnostic
Imaging & Imaging &
Cytopathology Cytopathology
1544 Teaching and Tours West Albany High ~ West Albany High School = OSTR tour and half-life USDOE Reactor
School experiment. Sharing
1545 Teaching and Tours Oregon State OSU Educational Tours ~ OSTR tour. USDOE Reactor
University - Sharing
Educational Tours
1548 Teaching and Tours Willamette Valley Willamette Valley OSTR tour. USDOE Reactor
Community School Community School ! Sharing
1555 Fitzgerald Syracuse University Fission track Irradiation to induce U-235 Syracuse
thermochronology fission for fission track University
' thermal history dating,
especially for hydrocarbon
exploration. The main
thrust is towards tectonics,
in particular the uplift and
formation of mountain
ranges.
1558 Binney Oregon State Measurement of cross Irradiations to measure USDOE
University sections for medical neutron cross sections for
radionuclides medically important
. radionuclides.
1564 Krane Oregon State Measurement of neutron ~ Measurement of neutron USDOE Reactor
University capture cross sections capture cross sections. Sharing

INAA = Instrumental Neutron Activation Analysis

- REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress

at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title Description Funding

1567 Johnson University of Compositions of apatites ~ Study of chemical USDOE Reactor

Houston from magnetite-rich composition of apatites from Sharing
segregation deposits inthe  magnetite deposits in
Cornucopia stock, NE Cornucopia stock to
Oregon determine processes
responsible for their genesis.

1571 Hansen Geological Institute Fission track analysis Study of East Greenland Geological
contionental margin to Institute
determine thermotectonic
evolution as an aid in
understanding rifting and
opening of a continental
volcanic margin with
formation of a new ocean.

1573 Baxter California Institute  Ar partitioning experiments Measurement of the California

of Technology partitioning of noble gases Institute of
between crystals and grain Technology
boundaries.

1578 Monie University of Fission Track Analysis of  Use of fission tracks from U- University of

Montpellier U-235 235 to determine the uranium Montpellier
content in minerals,

1579 Leisy Oregon State Irradiation of Bacillus Immunization of fish with OsuU

University Spores Bacillus subtilis spores and Microbiology
challenged with virulent Department
infectious hematopoietic
necrosis virus (IHNV) to test
for immunization against
IHNV.

1583 Teaching and Tours Neahkahnie High Neahkahnie High School ~ OSTR tour. USDOE Reactor

School Sharing
1584 Teaching and Tours Reed College Reed College Staff & OSTR tour. USDOE Reactor
Trainees Sharing

INAA = Instrumental Neutron Activation Analysis

REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress
at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title " Description Funding
1592 Burgess University of Ar-Ar dating of Icelandic ~ Nuclear irradiation of rock University of
Manchester rhyolites chips in cadmium-lined Manchester
irradiation facility for Ar-Ar
dating studies of Icelandic
rhyolites.
1594 Teaching and Tours  Jefferson High Jefferson High School OSTR tour and half-life USDOE Reactor
School experiment. Sharing
1595 Rahn Albert-Ludwigs-  Fission Track Dating of the  Dating of the shoulder uplift =~ German Science
Universitaet Mid-European Rhine along the Mid-European Foundation
Graben Shoulder Rhine graben shoulders by’ ’
the fission track technique.
1598 ' Loveland Oregon State QSAR of organically Measurement of OSU Chemistry
University bound metals octanol/water partition Department
' coefficients for a series of
chemically related
organically bound metals.
1601 Crutchley Josephine County Instrument Calibrations  Instrument calibration. Josephine County
Public Works
1602 Teaching and Tours  Crescent Valley Crescent Valley High Investigation of arsenic ‘ USDOE Reactor
High School School AP Physics Class  concentrations in soils and Sharing
. bedrock of the Sweet Home
area.
1603 Teaching and Tours  Thurston High Thurston High School OSTR tour and half-life USDOE Reactor
School Chemistry experiment. Sharing
1604 Buckovic Geovic Ltd. Support of Cobalt-Nickel ~ Analysis of Co/Ni in soil Geovic, Ltd.
Laterite Analyses samples from Africa.

INAA = Instrumental Neutron Activation Analysis

REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress
at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title Description Funding
1607 Struzik Polish Academy of Timing of uplift and Determination of timing of Polish Academy
Sciences exhumation of Polish uplift and exhumation of of Sciences
Western Carpathians Polish Western Carpathians
(Tatra Mts. and Podhale
Flysch) using AFT methods
to verify paleotemperature,
which are determined by
illite-smectite methods.
Reconstruction of thermal
history.
1611 Teaching and Tours  Grants Pass High Grants Pass High School ~ OSTR tour. USDOE Reactor
School Sharing
1612 Singer University of Determination of age of ~ Determination of age of USDOE Reactor
Wisconsin Eocene and Quaternary Eocene and Quaternary Sharing
volcanic rocks volcanic rocks by production
of Ar-39 from K-39.
1613 Teaching and Tours Silver Falls School  Silver Falls School District OSTR tour. USDOE Reactor
District Sharing
1614 Teaching and Tours Marist High School Marist High School OSTR tour and half-life USDOE Reactor
experiment. Sharing
1615 Teaching and Tours  Liberty Christian Liberty Christian High OSTR tour and half-life USDOE Reactor
High School School experiment. Sharing
1616 Doyle Evanite Fiber Instrument Calibration Instrument calibration. Evanite Fiber
Corporation Corporation
1617 Spikings University of Ar-Ar geochronology Argon dating of Chilean University of
Geneva granites. Geneva
1618 Teaching and Tours  Falls City High Fall City High School OSTR tour and half-life USDOE Reactor
School experiment. Sharing
1619 Teaching and Tours  Sheridan High Sheridan High School OSTR tour and half-life USDOE Reactor
School experiment. Sharing
1620 Teaching and Tours  Eddyville High Eddyville High School OSTR tour. USDOE Reactor
School Sharing

INAA = Instrumental Neutron Activation Analysis

REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress
at the Radiation Center and their Funding Agencies

Project -

- Users

Organization Name

Project Title

Description -

" Funding .

1621

Foster

~ University of
Florida

Irradiation for Ar/Ar
Analysis

Ar/Ar analysis of geological
samples.

University of
Florida

1622

Reese

Oregon State
University

Flux Measurements of
OSTR

Measurement of neutron flux
in various irradiation
facilities.

OSU Radiation
Center

1623

Blythe

University of
-Southern California

Fission Track Analysis

Fission track
Thermochronology of
Tibetian Geology

University of
Southern
California

1625

Armstrong

California State
University at
Fullerton

Fission Track Irradiations

Measurement of fission track
ages to determine erosion
amounts and timing.

" USDOE Reactor
Sharing

1627

Fleischer

Union College

Fission Track Irradiations

The primary project is the
use of tracks to study the
leaching out of imbedded
radionuclides from alpha-
activity in materials. The
radionuclide could be a
decay product of U-238 or
Th-232 in studying the
geochemistry of natural
materials, or of Rn-222 in
dealing with environmental
materials that are used to
assess radon exposures.
Here we will use an analogue
case — the embedding in the
laboratory of U-235 recoils

" USDOE Reactor
Sharing

from the alpha activity of Pu- .

239. .

1628

Garver

- Union College

Fission Track Irradiations

Use of fission track to
determine age dating of
apatites.

USDOE Reactor
Sharing -

1629

Rauch

Nu-Trek, Inc

GaAs 1 MeV Equivalent
Damage Evaluation

Neutron damage to GaAs to
reduce carrier lifetime to
make flash x-ray
photoconductive detectors

Nu-Trek, Inc.

INAA = Instrumental Neutron Activation Analysis

REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress

at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title Description Funding
1633 Goles University of Evolution and lateral Selected terranes of the New  USDOE Reactor
Oregon growth of active Zealand basement contain Sharing
continental margins metasediments that are ideal
for testing the model and
learning about the evolution
of this part of the ancient
Gondwana active margin;
clasts of terrane
conglmerates will be
characterized by INAA.
1634 Tollo George REE Geochemistry of NAA of apatite samples to USDOE Reactor
Washington Meta-Igneous Rocks using  determine metal composition Sharing
University INAA (TBO) in ingneous rocks.
1635 Fodor North Carolina Geologic NAA Determination of rare earth USDOE Reactor
State University elements in ultramafic rocks Sharing
' by NAA
1637 Johnson University of Geochemistry of gold Geochemical analysis of USDQOE Reactor
) Houston bearing horblendite vains  golde hornblendite veins that Sharing
are gold mineralized and part
of a larger porphyry copper
stock.
1638 Lee University of Geochemistry of Relationships bewteen USDOE Reactor
Oregon lithological matter to regional geologic features Sharing
determine provenance can be contraint by the
geochemical analysis of
rocks in formations.
1640 Gans University of Age dating of Neogene Age dating of rock samples USDOE Reactor
California at Santa volcanism from Sierra Nevada, Sonora, Sharing
Barbara Mexico, and Chilean Andes
1641 Hughes Idaho State Independent Study of NAA  Development of NAA for USDOE Reactor
University Thesis Research *  Sharing
1643 York York Engineering INAA of Paint Scrapings  Determination of the York Engineering

chemical composition of
paint scrapings from marine
vessels as a potential
identification technique.

INAA = Instrumental Neutron Activation Analysis

REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress
at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title Description . Funding
1645 Gustafson Oregon State Pulmonic and Vascular Creation of biomaterial to OSU Veterinary
University Repair with Biomaterial repair an induced lung injury Medicine
Patch in rabbits.
1646 Schutfort Oregon State Verification of NIST SRM  The purpose of this project is
University standards to verify NIST SRM
standard reference materials
used in neutron activation
analysis projects at Oregon
State University.
1647 Graefe GeoForschungsZent  Fission Track Irradiations  Use of fission track to study ~ GeoForschungsZe
rum Potsdam zircon. ntrum Potsdam
1648 Stewart University of Fission-track Dating of Fission-track Dating of University of
Washington Zircon Zircon from the Exhumation Washington
of Avaloatz Mountians in
California
1652 Haucke Intel Determination of Trace The objective of this project  Intel Corporation
Impurities in High-purity  is to determine trace
Germanium impurities (Al, Mg, Na, Ga)
' in high purity germanium  °
crystals.
1653 Teaching and Tours Madison High Madison High School OSTR tour. USDOE Reactor
School Senior Science Class Sharing
1655 Teaching and Tours Future Farmers of OSTR Tour OSTR tour USDOE Rcactof
America Sharing
1656 Mourich AVI Bio Pharma Avasivé anitcancer vaccine Using a mouse model for AVI Bio Pharma
mechanism of immuno-  cancer. Tumor cells are
protein irradiated and then coated
with anitbodies produced by
the vaccine. This complex is
use to vaccinate mice to
determine if subsequent anti-
tumor specific immune
responses are generated.
1657 Teaching and Tours  Richland High Richland High School OSTR tour. USDOE Reactor
School Sharing

INAA = Instrumental Neutron Activation Analysis

REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress
at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title Description Funding
1658 Hensel Hemcon, Inc. Sterilization of Bandages  Sterilization of Army Hemcon Inc.
bandages used for
hemorrhage control.
1660 Reese Oregon State Isotope and Container Testing of containers and
University Testing source material
1661 Wroblewski Vectron Gamma Irradiation of Parts  Gamma irradiation of parts. Vectron
International International
Norwalk Inc.
1662 Retallack University of Geochemistry of Soil from  Determination of the trace USDOE Reactor
Oregon Eugene Hills element chemistry of soils. Sharing
1664 Ciarella Providence Determination of Neutron Activation Analysis  OSU Radiation
Medical Center Gadolinium in Spinal Cord  of spinal cord fluid and Center
Fluid Omniscan RX (gadodiamine)
for gadolinium after
radiochemical separation of
sodium on HAP.
1665 LaFleur Natijonal Council Preparation of Hog Fuel ~ Preparation of an NAA National Council
of Stream and Air Standard Reference standard of composite wood  for Air & Stream
Improvement Material waste material as a reference Improvement
material for laboratory
analyses.
1666 Teaching and Tours  Douglas High Douglas High School AP OSTR tour and half-life USDOE Reactor
School Physics Class experiment. Sharing
1668 Meigs Oregon State Fission Track Dating Use of fission tracks from U- USDOE Reactor
University 235 to determine the Sharing
locationand concentration of
U238 in apatite/zircon
crystals for age dating
1669 Hamby Oregon State Activation of Black Beans  Activation of black beans USDOE Reactor
University used as a natural tracer in Sharing

laboratory animal nutrition
studies

INAA = Instrumental Neutron Activation Analysis

REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress
at the Radiation Center and their Funding Agencies

Project .. . Users Organization Name Project Title . " Description Funding
1670 Teaching and Tours Toledo High Toledo High School OSTR tour and half-life USDOE Reactor
School experiment. . Sharing
1671 Roden-Tice Plattsburgh State Fission Track Dating Use of fission tracks to USDOE Reactor
University determine location of U-235 Sharing
and Th232 in natural rocks
and minerals
1672 Brix Ruhr-Universitat Fission track analysis of  Fission track analysis of Ruhr-Universitat
Bochum apatites and zircon. apatites and zircon. Bochum
1673 Teaching and Tours  Heal College Heal College Physics OSTR tour. USDOE Reactor
Department Sharing
1674 Niles Oregon Office of Radiological Emergency  Radiological emergency Oregon
Energy Support support ot OOE related to Department of
' ' instrument calibration, Energy
radiological and RAM
transport consulting, and
maintenance of radiological
analysis laboratory at the
Radiation Center.
1675 Ho Oregon State Zinc in Oxidative Stress Determining the biological
: University and DNA Integrity responses to low dose
: : ionizing radiation and their
interaction with nutrition.
1676 Minc Universit'y of NAA ‘of ihi)elleﬂ antibodies Au labelllec'i antii)odics are University of
Michigan S . used use in cancer studies. Michigan
NAA tracks the presence of
the antibodies in various
organs.
1677 Zuffa Universita' di Fission Track Dating Use of fission track from U- Universita' di
Bologna . - 235 to determine uranium . Bologna
content in rock 4
1678 = Sivaramakrishnan - Oregon Staté . ~Gamma Igragiiatiqns Gamma irradiation of A OSU Electrical &
University electronic components Computing
Engineering

INAA = Instrumental Neutron Activation Analysis

REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress
at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title " Description Funding
1679 Miyahira California Institute Neutron Damage on Iterative irradiations to test Jet Propulsion
of Technology Electronics the effects of neutron Laboratory
damage upon various
electronic components
1680 Danisik Unversity of Fission Track Dating Low-temperature University of
Tubingen geochronology using He and Tuebingen
fission track dating.
1681 Yang University of Detection of Metals in Use of NAA to detect USDOE Reactor
Michigan Zeolite Catalysts various metals in zeolite Sharing
catalysts and sorbents.
1682 Devi AVIBioPharma  Effect of Gamma Radiation Effect of gamma radiation on  AVI Bio Pharma
on the Expression of XIAP  the expression of XIAP in
in Prostate and Lung prostate and lung cancer
Cancer Cells cells.
1683 Bennion Idaho State Nuclear Engineering USDOE Reactor
University Pulsing Lab Sharing
1684 Fodor North Carolina Geochemical Investigation USDQE Reactor
State University Sharing
1685 Dick Oregon State short-stay Belen ph vs Gamma irradiation of soils. OSU Crop and
University heavy metals experiment Soil Science
1686 Miller Nunhems USA, Inc.  Production of haploid and  Irradiated melon pollen will Sunseeds
dihaploid melon plants be used to polliate female
induced with irradiated melon plants to induce
pollen parthenogenetic embryos.
These embryos will be
rescued and cultured for
plant production.
1687 Teaching and Tours  Inavale Grade Reactor Tour General reactor tour USDOE Reactor
School Sharing
1688 Moore Northwest Instrument Calibration Instrument calibration Northwest
Construction Construction
Surveying & Surveying &
Testing Testing

INAA = Instrumental Neutron Activation Analysis

REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress
at the Radiation Center and their Funding Agencies

Project . . Users Organization Name Project Title Description Funding
1689 Gardner Oregon State Count Gamma Rays from USDOE Reactor
University 181Hf Sharing
1690 Teaching and Tours Wilson High Reactor Tour D300 Reactor Tour USDOE Reactor
T .School ' Sharing
1691 Teaching and Tours  Lost River High - Reactor Tour D300 Reactor Tour USDOE Reactor
School Sharing
1692 Choi ‘Arch Chemicals Screening Tests of Wood  This is to build up basic Arch Chemical
Inc. Decay knowledge on the efficacy of Inc.
a copper based preservative
in preventing decay of wood
inhabiting basidiomycetes.
1693 Ferguson Tru-Tec Radiotracer Production Production of radioisotopes Tru-Tec
for use as industrial tracers.
1694 Craig Oregon State HPLC Répair Repair of HPLC units foruse  OSU Veterinary
University . in detection of TNT in biota. Medicine
1695 Teaching and Tours Transitional Reactor Tour Reactor Tour in D300 only USDOE Reactor
Leaming Sharing
1696 Sayer Marquess & Instrument Calibration Instrument calibration Marquess &
Associates Inc. Associates Inc.
1697 Teaching and Tours ~ Crescent Valley Crescent Valley High This project supports the USDOE Reactor
High School School AP Physics Class  advanced placement physics Sharing
class at Cresent Valley High
School. It will utilize the
" reactor in ongoing research
projects sponsored by
Radiation Center staff.
1698 Vulfson Evanite Fiber NAA of Fiberboard NAA of fiberboard OSU Radiation
Corporation manufactured by Evanite Center
Fiber Corperation to

determine total chlorine
content.

INAA = Instrumental Neutron Activation Analysis

REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service Projects Performed or In Progress

at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title Description Funding
1699 Teaching and Tours  Philomath High Reactor Tour Tour of NAA and gas USDOQE Reactor
School chromatograph capabilities Sharing
in the Radiation Center
1700 Frantz Reed College Instrument calibration Instrument calibration Reed College
1701 Minc University of NAA of Au labeled Radiolabeling with Au of USDOE Reactor
Michigan Antibodies antibodies in mice Sharing
1702 Reese Oregon State Neutron Spectrual Analysis Determination of the neutron USDOE Reactor
University flux and spectrum in various Sharing
OSTR irradiation facilities.
1704 Rodriguez Falls City High Irradiation of Bean Seeds  Irradiation of bean seeds @
School 5, 10, 20, 40, 60 and 80 kRad
1705 Hemming Columbia Geochronology by Ar/Ar USDOE Reactor
University Methods Sharing
1706 Wongsawaeng University of Liquid Metal Bonding Irradiated liquid metal is University of
California at Tracer poured in the pellet-cladding California at
Berkeley gap in a mock nuclear fuel Berkeley
rod. Gold is used as a tracer
to study the liquid metal
bond integrity.
1707 Turrin Rutgers Ar/Ar Chronology Analysis  Statigraphy and Chronology =~ USDOE Reactor
of the Plio-Pleistocene Sharing
Ngoronogoro volcanic
highland
1708 Turrin Rutgers Ar/Ar Chronology Analysis  Preliminary analysis on USDOE Reactor
refining the age of the Sharing

Monon Lake and Laschamp
geomagnetic polarity events.

INAA = Instrumental Neutron Activation Analysis

REE = Rare Earth Elements
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Table VI.C.3 (continued)

Listing of Major Research and Service 'Pvrdjevcts Performed or In Progress
at the Radiation Center and their Funding Agencies

Project Users Organization Name Project Title Description Funding
1709 Paulenova Oregon State Com;ilexation Constant This experiment is designed  USDOE Reactor
-+ University : Determination of to determine stability Sharing
Organometallic Tropolone  constants between metals and -
Complexes hinokitiol. Hinokitiol is a

member of the tropolone
family and an abundant
component of essential oil in
Librocedrus Decurrens.,
Radiotracer methodology

will be applied in the
experiment.
1710 Frost University of .~ Determination of "Major, minor, and trace  ~ ~ USDOE Reactor
Wyoming Geochemical Provenance  element of clast in Muru Sharing
of Muru Conglomerates,  conglomerates may reveal =~
New Zealand the lithological porvenance

of this important tectonic
terrane at an extinct
subduction zone.

1712 Bergman Theragenics Brachytheropy Source Activation of various source ©  Theragenics
Corporation Activation material for possible use in Corporation
brachytheropy
1713 Gelhar Oregon State Study of Ionizing Seed irradiation to study the =~ OSU Radiation
University Radiation on Pinto Bean  effects of ionizing radiation Center
Growth on the growth of pinto beans.
1715 Teach Providence St. Stent Project Irradiate elastin coated Providence NW
Vincent Hospital cardio stent devices to Hospital

reduce thrombic reaction.

1716 Garcia M. K. Gems and Mineral irradiations to Mineral irradiations to M.K. Gems &
Minerals determine color determine color Minerals
characteristics characteristics.
1717 Webb Syracuse University Ar/Ar Dating Ar/Ar Dating Syracuse
University
1718 Armstrong California State Fission Track Dating Fission track age dating of Department of
University at apatite grains from Santa Geological
Fullerton Ana Mountains, California Sciences
INAA = Instrumental Neutron Activation Analysis REE = Rare Earth Elements
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Table VI.C.4

Summary of the Types of Radiological Instrumentation Calibrated
to Support the OSU TRIGA Reactor and the Radiation Center

Type of Instrument

Number of Calibrations

Alpha Detectors 2
GM Detectors 32
Ion Chambers 13
Micro-R Meters 2
Personal Dosimeters 53
TOTAL 102
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Table VI.C.5

Summary of Radiological Instrumentation Calibrated
to Support Other OSU Departments and Other Agencies

Department/Agency

Number of Calibrations

OSU Departments
" 'Animal Science

3

Biochemistry/Biophysics

Botany and Plant Pathology

Center for Gene Research

Civil, Construction and Environmental Engineering

Crop Science

EM.T.

Environmental Engineering

Fisheries and Wildlife

Food Sciences

Forest Engineering

Forest Science

Horticulture

Linus Pauling Institute

Mechanical Engineering

Microbiology

Nutrition and Food Management

Oceanic and Atmospheric Sciences (COAS)

Pharmacy

Physics

Bfon [ {0 [N [ U [t fom (e (00 [ [r= [ (03 (9 [= =3 (A [t

Radiation Safety Office

[
—

R/V Wecoma

—

Veterinary Medicine

~)

osu

Zoology

Departments Total

[-od
=)

Non-OSU Agencies

ESCO Corporation

—
o

DOE Albany Research Center

Federal Aviation Administration

Good Samaritan Hospital

Lebanon Community Hospital

Marquess and Ass. Inc.

Northwest Const. Testing

Occ. Health Lab.

Lol [ T PR - {TOR P

Oregon Office of Energy

P
(V]

(=)

Oregon Department of Transportation
Oregon Health Sciences University -

Oregon Public Utilities Commission

Oregon State Health Division

Reed Reactor Facility . a

USDA Agriculwral Research Service

1).S. Environmental Protection Agency

Valley Landfills, Inc.

Veterinary Diagnostic Imaging Cytopathology

N [ (e e

Non-OSU Agencles Total

177
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Table VLF.1

Summary of Visitors to the Radiation Center

Date No. of Visitors Name of Group
7/2/2003 25 Heal College, Physics Dept.
7/10/2003 25 Adventures in Learning
7/10/2003 25 Adventures in Learning
7/11/2003 20 Forensic Group
7/11/2003 20 Forensic Group
7/15/2003 3 Legal Advocacy Interns
7/17/2003 25 Adventures in Learning
7/17/2003 25 Adventures in Learning
8/1/2003 | Prospective Under Graduate Student - Audrey Oberdick
8/5/2003 2 NASA -Explorer School teachers
8/7/2003 2 Belinda King, Dept. Head Mech. Engr.
8/20/2003 2 Karen Hamilton
8/22/2003 9 Jose Reyes family
8/25/2003 25 Ch 123
8/25/2003 25 Ch 123
8/26/2003 25 Ch 123
8/26/2003 25 Ch 123
8/27/2003 25 Ch 123
9/13/2003 7 National Academy of Engineering
9/26/2003 1 Prospective Post Bac Student - Lloyd McKinney
9/26/2003 | Prospective Graduate - Heather Rankin
9/26/2003 7 INEL Class
10/17/2003 30 Inavale School
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Table VI.F.1 (continued)

Summary of Visitors to the Radiation Center

Date No. of Visitors Name of Group
10/18/2003 32 Dad's Weekend °
10/21/2003 18 Odessey (Erin Bosnjak)
10/23/2003 20 Pre-Engineering Group
10/27/2003 23 Odyssey Class - Ursula's
10/28/2003 20 GS106
10/28/2003 20 GS106
10/29/2003 12 Odessy (Beth Crawford)
10/30/2003 12 Lost River High School
10/30/2003 12 Wilsonville High School
10/30/2003 11 Leeper/Savannah Group
11/4/2003 20 GS 106
11/4/2003 20 GS106
11/8/2003 41 Beaver Open House
11/10/2003 18 Odessey (Adrian Irwin/Jessica Todd)
11/11/2003 23 Odessey (Valeria White/Matthew Lewis)
11/12/2003 24 Odessey (Jake)

11/13/2003 25 Odyssey Class - J. Todd's
11/25/2003 11 Transitional Learning:.
12/5/2003 21 Advanced Physics- .
12/9/2003 3 Fall City High School
12/10/2003 20 Senior Physics
12/11/2003 20 Senior Physics
12/16/2003 31 Philomath High School -
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Table VI.LF.1 (continued)

Summary of Visitors to the Radiation Center

Date No. of Visitors Name of Group
1/8/2004 13 Chem 462
1/14/2004 16 Falls City/Dallas High School
1/16/2004 41 Reactor Operators
1/20/2004 1 Seminar Speaker - Herman Grunder, ARL
1/21/2004 18 Senior Physics
1/22/2004 17 Senior Physics
2/16/2004 1 Prospective Graduate Student - Brent Matteson
2/17/2004 25 Chem 222
2/17/2004 25 Chem 222
2/17/2004 25 Chem 222
2/17/2004 20 Chem 222
2/18/2004 20 Chem 222
2/18/2004 25 Chem 222
2/18/2004 25 Chem 222
2/19/2004 25 Chem 222
2/19/2004 25 Chem 222
2/19/2004 25 Chem 222
2/19/2004 25 Chem 222
2/24/2004 25 Chem 222
2/24/2004 25 Chem 222
2/24/2004 25 Chem 222
2/24/2004 25 Chem 222
2/25/2004 25 Chem 222
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Table VI.LF.1 (continued)

Summary of Visitors to the Radiation Center

Date No. of Visitors Name of Group

2/25/2004 25 Chem 205

2/25/2004 25 Chem 222

2/26/2004 5 Karmen Fod
2/26/2004 25 Chem 222

2/26/2004 25 Chem 222 -
2/26/2004 25 Chem 205

2/26/2004 - 25 .Chem 222

3/1/2004 20 Chem 205

3/1/2004 20 Chem 222

3/2/2004 25 - Chem 222

3/2/2004 25 Chem 205 -
3/2/2004 25 Chem 205

3/3/2004 25 Chem 205 -
3/3/2004 25 Chem 205

3/4/2004 25 Chem 222

3/4/2004 25 Chem205 ... ..
3/5/2004 20 SMILE students -
3/5/2004 20 SMILE students:
3/8/2004 25 Chem 205

3/9/2004 25 - Chem205 - -
3/9/2004 25 CH225H

3/9/2004 28 Chemistry Class - 2nd year
3/10/2004 25 Chem 205
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Table VILF.1 (continued)

Summary of Visitors to the Radiation Center

Date No. of Visitors Name of Group
3/11/2004 25 Chem 205
3/11/72004 25 Chem 225 H
3/23/2004 10 Tiger Scouts
3/26/2004 9 Family - Peter Sprunger
4/2/2004 20 SMILE students
4/2/2004 20 SMILE students
4/22/2004 2 OSU Foundation - Kathy Park & Sharon Magnuson
5/1/2004 23 Mom's Weekend
5/7/2004 1 Prospective UG - Jason White
5/11/2004 l Seminar Speaker - Anil Prinja, Univ. New Mexico
5/17/2004 3 Alumni - Y.L. Wang & family
5/21/2004 10 Society of American Military Engineers
572812004 2 Alumni - Carl Hoth & Julie Lanterman
6/2/2004 12 Geosciences 622
6/8/2004 2 Changer Lab personnel
6/15/2004 5 Hamilton Family -
6/22/2004 20 Adventures in Learning
6/28/2004 18 Forensic Group
6/29/2004 20 Adventures in Learning
Total Tours: 111 Total Visitors: 2075
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